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INTRODUCTION 


The relationship between the serum lipids and the develop- 
ment of atherosclerosis has been the object of intensive research. 
The fact that there are large individual differences in serum 
lipid levels has prompted numerous investigators to analyse 
these differences with a view to elucidating the role of the 
serum lipids in the development of vascular changes. The work 
performed during the last ten years, in particular, has increased 
our knowledge concerning the normal serum lipid level, its 
variability and the factors causing fluctuations. 


It has been generally believed that in a given individual the 
serum lipid level remains more or less constant. Lately it has 
been shown, however, that various external factors may bring 
about marked changes in the serum lipid level. Such factors 
are, for instance, dietary changes, various forms of stress, cer- 
tain diseases and certain chemical substances. 


Many environmental factors show seasonal variations. Hence, 
it seems reasonable to suggest that the succession of the seasons 
may be accompanied by periodic fluctuations in the serum lipid 
level. Particularly in a geographical region exhibiting marked 
climatic differences between winter and summer, the occurrence 
of seasonal changes seems possible. 
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INTRA-INDIVIDUAL VARIATIONS IN THE SERUM 
LIPID LEVEL 


Numerous studies have been published on the variability of 
the serum lipid level in humans. The fluctuations occurring 
during one day and over periods of days, weeks, months and 
years have been recorded in order to determine the normal 
range of variation, which it is necessary to know when attempt- 
ing to analyse the effect of a certain factor on the serum lipid 
level. 


Many writers have come to the conclusion that no appreci- 
able fluctuations in the serum cholesterol and phospholipid 
levels occur during the course of a day. Gardner and Gains- 
borough (1928) found that the results of earlier studies dealing 
with the variability of cholesterol values were conflicting. From 
their own observations they concluded that diurnal variations in 
serum cholesterol and phospholipids are slight, but nonetheless 
they recommended the collection of blood samples in the fasting 
state. Many later investigators (e.g. McClure and Huntsinger 
1928, Bruger and Somach 1932, Boyd 1935, Sperry 1936, 1937, 
Turner and Steiner 1939, Brun 1940, Keys et al. 1950 a, 1955 b, 
Chandler et al. 1953, Shapiro et al. 1957, 1959, Segall and Neu- 
feld 1960) have also noted only slight variations in the serum 
lipid values obtained during one day. The greatest diurnal 
variation in cholesterol cbserved by these writers was 12—13 
per cent of the mean, the average being under 10 per cent. 
Shapiro et al. (1957, 1959) also found that »the spread of each 
individual’s hourly values about his mean for the day was 
relatively narrow, 95 per cent were within 10 per cent of the 
mean». In their series the standard deviation of the individual | 
cholesterol values was between 5 and 10 mg. per 100 ml., the 
standard deviation for the whole series being 7.7 mg. per 100 ml. 

The fluctuations noted in the phospholipids have been of the 
same magnitude, i.e. under 10 per cent of the mean (e.g. 
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McClure and Huntsinger 1928, Boyd 1935), and the same holds 
good in regard to ester cholesterol (e.g. Boyd 1935, Josephson 
and Dahlberg 1952). 

Keys et al. (1950 a, 1955 b) found that the »non-basal» chole- 
sterol values exceeded the »basal», i.e. fasting, values by 3.8 mg. 
per 100 ml. (1.9 per cent). They also found that after a meal 
the change in cholesterol level was dependent on whether the 
subjects worked or rested, but the difference was so small that, 
according to the writers, »it may be neglected in most com- 
parative studies». In a study on the level! of lipoproteins 
(determined by ultracentrifugation), cholesterol and phospho- 
lipid, Chandler et al. (1953) observed a significant diurnal 
variation only in the lipoprotein fraction 'Sf 20—100. They 
pointed out, however, that »although the diurnal variation for 
most individuals or for a group may not exceed the standard 
errors of measurement, it may exceed it for scme persons, 
especially those with elevated levels». 

It has been found, then, in many studies that the time of 
sample taking, diet and the amount of daily work and rest do 
not significantly influence the serum cholesterol and’ phospho- 
lipid levels. 

In contrast tc the investigators cited above, McEachern and 
Gilmour (1932a) noted marked changes in the cholesterol 
values of 28 subjects in five hours, the range being from 25 to 
195 mg. per 100 ml. and the mean difference between the highest 
and the lowest values being 40 mg. per 100 ml. Morrison (1952) 
observed a difference of 16—18 mg. per 100 ml. in the chole- 
sterol values after meals, while the phospholipid values showed 
changes of 47—93 mg. per 100 ml. In patients with coronary 
artery disease the corresponding change in cholesterol was as 
high as 69 mg. per 100 ml. and the change in phospholipids 
amounted to 70 mg. per 100 ml. An interesting study was 
performed by Peterson et al. (1960) on 10 subjects whose chole- 
sterol levels had been previously determined by the same 
writers. In five of these, marked variation had been observed 
in samples drawn at various intervals, whilst in the remainder 
the cholesterol values had been fairly stable. During a »control» 
day the standard deviation of the cholesterol values was from 
5 to 28 mg. per 100 ml. in those subjects whose values had 
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previously shown wide variations, whilst in the group of sub- 
jects with relatively constant cholesterol levels the standard 
deviation was from 8 to 11 mg. per 100 ml. Under mental stress 
and excitement particularly marked diurnal variations were 
observed, the standard deviation of the cholesterol values being 
from 25 to 33 mg. per 100 ml. in the former group and from 12 
to 16 mg. per 100 ml. in the latter group during the test period 
of five days. 

A number of writers have observed only slight changes, 
under 20 mg. per 100 ml., in serum cholesterol during a period 
of some days (e.g. Keys et al. 1959), but Morrison (1952) 
reported changes ranging from 6 to as much as 50 mg. per 
100 ml. In samples drawn at one-week intervals Jones et al. 
(1951) observed a variation of 22 mg. per 100 ml. and Perkins 
et al. (1958) a variation of as much as 56—59 mg. per 100 ml. 
Jones et al. (1951) also studied the variation in the lipoprotein 
fraction Sf 12—20, which they found to be 10 mg. per 100 ml. 


The majority of studies on variability of the cholesterol level 
deal with the fluctuations occurring through pericds of some 
months or a year. Luden (1917) determined his own cholesterol 
level for seven months, finding it to be fairly constant. In 
different papers the range of variation of the cholesterol level 
has been from 4 to 27 per cent (e.g. Turner and Steiner 1939, 
Gordon and Brock 1958, Thompson et al. 1959), and expressed 
in mg. per 100 ml., from 5 to 24 mg. per 100 ml. (Man and Gildea 
1936). A variation of as much as 125 mg. per 100 ml. was 
reported by Friedman et al. (1958). 

Schube (1936) reported individual differences between 19 
and 73 mg. per 100 ml. in the range of variation of cholesterol 
values. Morrison et al. (1949), Josephson and Dahlberg (1952) 
and Watkin et al. (1954) observed deviations of about 10—13 mg. 
per 100 ml. from the mean level of cholesterol. In 30 subjects 
studied by Gordon and Brock (1958) the intra-individual range 
was from 26 to 96 mg. per 100 ml., the average for the group 
being 45 mg. per 100 ml. This implies a standard deviation of 
the mean of 7—27 mg. per 100 ml. A similar range was noted 
by Thomas and Eisenberg (1959), who regarded a standard 
deviation of 25 mg. per 100 ml. as the upper limit for the normal 
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variation in cholesterol. In a series studied by Thompson et «al. 
(1959) one-third showed a variation exceeding 40 mg. per 
100 ml. In a series of convicts studied by Thomas et al. (1961) 
the individual standard deviations during one year ranged he- 
tween 10 and 49 mg. per 100 ml., and the differences between 
the highest and the lowest values noted in these subjects ranged 
between 38 and 150 mg. per 100 ml. 

The variations in cholesterol level observed over periods 
of several years (e.g. Pucher et al. 1934, Man and Gildea 1937, 
Sperry 1937, Peters and Man 1943, Steiner and Domanski 1943, 
Sperry and Webb 1950, Man and Peters 1953, Paterson and 
Derrick 1957, Thomas and Eisenberg 1957, Milch et al. 1958, 
Groover et al. 1960) have been of the same magnitude as the 
variations noted during shorter periods, which have been dis- 
cussed in the foregoing. Expressed in per cent, the variations 
in cholesterol have ranged between 1 and 31 per cent of the 
mean (e.g. Man and Gildea 1937). In Sperry’s (1937) series, 
17 subjects out of 25 exhibited a variation of less than 6 per cent 
of the mean value, whilst the maximum variation was 12 per 
cent. Paterson and Derrick (1957) noted a variation of 11 per 
cent during a period of four years. 

Peters and Man (1943) reported individual variations in the 
level of cholesterol ranging between 1 and 68 mg. per 100 ml. of 
the mean during a period of four years. In a study by Man and 
Gildea (1937) the maximum variation was 66 mg. per 100 ml. 
Thomas and Eisenberg (1957) and Groover et al. (1960) 
regarded a deviation of 25 mg. per 100 ml. from the mean value 
as normal. In the last-mentioned paper a variation of over 
50 mg. per 100 ml. was reported in 37 subjects out of 117. 

Sperry and Webb (1950) and Man and Peters (1953) per- 
formed repeated cholesterol determinations in subjects they 
had studied 10 to 20 years before. In Sperry and Webb’s series 
of 22 subjects the cholesterol values had remained more or less 
unchanged in 9 cases, whilst 12 subjects exhibited an increase 
of 15—30 per cent of the previous values. In Man and Peters’ 
series of 16 subjects a rise was somewhat more frequent than 
a drop, the standard deviation of the cholesterol values being 
20 mg. per 100 ml., at most. 
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In the following list are compiled the results of some of the 
above-mentioned studies concerning the intra-individual varia- 
bility of total cholesterol. 


Authors 


Sperry 
1937 


Steiner and 
Domanski 
1943 


Peters and 
Man 
1943 


Morrison 
1952 


Thomas and 
Eisenberg 
1957 


Gordon 
and Brock 
1958 


Thomas and 
Eisenberg 
1959 


Groover 
et al. 
1969 


Thomas 
et al. 
1961 


No. of Observation No. of Deter- 


Subjects minations 


25 


15 


17 


49 


30 


11 


117 


25 


Time 


2 yrs. 4 mo. 


3 mo.— 
1 year 2 mo. 


2 weeks— 
5 yrs. 


2—7 days 


1 year— 


1 year 10 mo. 


4 mo. 


2 mo.— 
8 mo. 


yrs. 


1 year 


2—10 


7—42 


2—34 


54—68 


6 or 
more 


12 


Variation of Total 
Cholesterol Level 


in 
mg% 


12 


1—68 


6—50 


45 


36 


38— 
150 


in in 
SD Per Cent 


of the 
Mean 
8.7 
(range 
3—17) 
maximum 
29 % 
14.7 6—22 
(range 
7—29) 
10.8— 
27.4 
10.8— 
49.6 


Irrespective of the length of the test period, greater fluctua- 
tions have been observed in subjects with high cholesterol 
values than in those showing low cholesterol values (e.g. Chand- 
ler et al. 1953, Watkin et al. 1954, Thomas and Eisenberg 1957, 
Peterson et al. 1960). There is consensus of opinion that repeat- 
ed determinations at fixed intervals are required for the de- 
termination of individual cholesterol levels (e.g. Thompson et al. 
1959, Groover et al. 1960, Segall and Neufeld 1960). 
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In patients with coronary lesions wider variations in chole- 
sterol have been observed than in healthy subjects (e.g. Steiner 
and Domanski 1943, Astrup 1948, Hammarsten et al. 1957, 
Levere et al. 1958, Rivin et al. 1958, Rosenman and Friedman 
1960, Segall and Neufeld 1960). In Astrup’s (1948) series of 79 
patients fifty per cent had cholesterol values showing a varia- 
tion of over 50 mg. per 100 ml. from the mean value. In the 
patients studied by Hammarsten et al. (1957) the average intra- 
individual range was 103 mg. per 100 ml. In the series of Rivin 
et al. (1958) the standard deviation of the cholesterol values was 
30 mg. per 100 ml., and Levere et al. (1958) reported variations 
of 33—39 per cent of the mean values. The changes were »non- 
periodic, cyclic and unpredictable». Segall and Neufeld (1960) 
studied the lipid values in 10 subjects for four years at intervals 
of some weeks. All these subjects had high cholesterol levels 
and coronary disease. The average variation was 27.7 per cent 
of the mean during two-week periods, 32.2 per cent during four- 
week periods and 44.4 per cent during one year. In one of the 
subjects the variation during one year was only 16 per cent of 
the mean, in another it was 95 per cent. 

In long-term studies the increasing age of the subjects has 
to be considered in the evaluation of the results. It has been 
shown that the serum cholesterol and phospholipid levels rise 
with age (e.g. Keys et al. 1950 b, c, Gertler et al. 1950 b, Jones 
et al. 1951, Keys 1952, Nikkila 1955, Adlersberg et. al. 1956, 
Thomas and Eisenberg 1957, Keys et al. 1958, Schaefer et al. 
1958 a, b, 1960, Corsi et al. 1959, Carlson 1960) and begin to 
fall again in men at the age of about 55—60 years, while in 
women they continue to rise after this age (e.g. Keys et al. 1950 
b, c, Keys 1952, Nikkila 1955, Nikkila and Niemi 1957). A 
change in the lipid values with age cannot be regarded as the 
rule, however. According to Thomas and Eisenberg (1957), »the 
effect of aging on the cholesterol level is best recognized as 
a large group phenomenon and there is no predicting what an 
individual’s pattern will be». 


Summarizing the data on the variability of the serum lipids, 
Page’s (1960) summary of certain studies on cholesterol may 
be cited. He says, among other things, that »the thing that has 
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become increasingly apparent is that you cannot lump all people 
together according to the variability of their cholesterol. Most 
people who have had enough experience would agree that 
there are some so-called normal people who have wide swings 
in their cholesterols, others who exhibit extraordinary stability». 


Although the literature on the serum lipids in humans is 
very extensive, only a few writers have approached this ques- 
tion from the standpoint of seasonal variations, and the studies 
in which this possibility has been taken into account are mostly 
based on short series and scanty analyses. 

Some writers have observed seasonal variations in the blood 
lipid values. Currie (1924), for instance, who studied both 
normal subjects and cancer patients at Glasgow, Scotland, found 
that the cholesterol values were highest in summer. Similar 
observations were made by Pucher et al. (1934) at Buffalo, 
USA, and Villaverde (1939) at Cuba. Pucher et al. drew atten- 
tion to the fact that they had noted a transient fall in chole- 
sterol in the spring. At Rochester, N.Y., USA, Kaiser and Gray 
(1934) observed that during the cold season the serum lipid 
values were higher than during the warm summer in both 
healthy children and children suffering from various diseases. 
He stated, however, that »seasonal variations are suggestive 
though not conclusive». In a study carried out on Finnish men 
Keys et al. (1958) noticed marked seasonal variations in the 
serum cholesterol values. In eastern Finland the level rose 
from June to the end of January by about 100 mg. per 100 ml. 
The writers stated that »seasonal variations should be con- 
sidered at least in regions such as East Finland, where seasonal 
differences in climate and mode of life are extreme». 

In contrast to the above-mentioned studies, in which seasonal 
variations in the serum lipid values were observed, certain 
writers have failed to detect periodical changes accompanying 
the succession of the seasons. McEachern and Gilmour (1932 b), 
who performed their studies at Winnipeg, USA, observed no © 
seasonal variations in serum cholesterol. Man and Gildea(1937), 
of New Haven, USA, noted no such variations in the values for 
serum cholesterol, phosphatides and fatty acids, and Turner and 
Steiner (1939) also failed to notice seasonal variations in the 
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cholesterol levels of hospital patients in New York, USA. Tie 
Swedes Josephson (1947) and Josephson and Dahlberg (1952 
determined the cholesterol levels of certain subjects in the 
spring and in the autumn without detecting any significant dif- 
ferences. In Finland, Konttinen (1959) found that the mean 
values for serum cholesterol were the same in groups of young 
men called up for compulsory military service in February, June 
and October, respectively. This finding he regarded as evidence 
against the occurrence of seasonal variations. Hartel and Aro 
(in process) performed monthly serum cholesterol determina- 
tions on 12 men at Spitzbergen. In these very exceptional con- 
ditions no changes which could be related to the succession of 
the seasons were detectable. 

When the present paper was in process, Thomas et al. (1961) 
published a study on seasonal variations in the serum chole- 
sterol levels of 25 young convicts (aged 22—28 years). At 
Baltimore, USA, they determined the serum cholesterol once a 
month from December, 1958, to November, 1959, noting clear 
seasonal variations, the values being highest in the winter 
months and lowest in late spring, summer and early autumn. In 
a group of 16 convicts in which determinations were made every 
month the mean values for cholesterol were 260—265 mg. per 
100 ml. in December, January and the following November 
against 214.5 mg. per 100 ml. in May and 216.5 mg. per 100 ml. 
in June. 


As appears in the foregoing, the serum lipid level varies 
greatly in some subjects, whilst in others only slight changes 
occur. The data available on the occurrence of seasonal varia- 
tions in serum lipid are scanty. In long-term studies the possible 
presence of such variations may, however, significantly in- 
fluence the results. For this reason it was regarded as justified 
to study the question of whether periodical changes related to 
the succession of the seasons are observable in the serum lipid 
values. In Finland where there is a clear difference in climate 
between the summer and the winter, conditions seem to be 
favourable for the performance of such a study. 


MATERIAL AND PLAN OF INVESTIGATION 


The study was made on a series of 80 men, viz. 45 policemen 
and 35 convicts. At the beginning of the study the median age 
of the policemen was 33.2 years (25—45 years) and that of the 
convicts 32.7 years (23—49 years). 

The series was chosen with a view to studying two groups of 
subjects living under conditions which were, first, known as 
exactly as possible, and, second, markedly different from one 
another. It was concluded that policemen and convicts fulfilled 
these requirements. The former are mainly employed outdoors, 
and their work remains the same throughout the time of a 
study. Convicts almost invariably work indoors. Policemen 
represent the normal, inasmuch as their diet is unrestricted and 
they can spend their free time as they like, whilst the activities 
of convicts are controlled even during their leisure. 

The series consisted of healthy men under the age of 50, who 
volunteered for the study. Initially the total number was 91, 
but during the course of the study 11 men had to be excluded 
owing to illness or accident. 

Data regarding the state of health of the men to be studied 
were collected by questioning them themselves and from the 
health authorities. (Both the police force and the prison have 
their own doctors. A miniature x-ray picture is taken every 
year.) In addition, a careful physical examination formed part of 
the study, and any changes in the state of health of the men 
were noted throughout this period. 

The Policemen. — All the policemen were employed by the 
police department of the city of Helsinki. They work by 12-hour > 
shifts, every sixth day is free. In both the night and the day 
shifts there are 3- to 4-hour spells of watch-duty. 

Of the policemen 4 were sergeants. Their work consists 
mainly of inspections and being on call, and they work both 
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indoors and outdoors. Twenty were traffic policemen, wo 
mainly work outdoors, doing inspection work, watch-duty and 
traffic control. Eleven men were members of the mounied 
police and 10 were radio policemen, who make their rounds by 
car. The work of a policeman implies no heavy physical strain, 
although night shifts and temporary additional tasks increase 
the stress. 

Policemen are bound to participate in athletics and sports 
and in annual contests. In their free time, too, many of them go 
in for athletics. Of the present series 9 men were active sports- 
men. In addition to their principal jobs many of the present 
subjects worked as caretakers of blocks of flats. 

Thirty-five of the policemen were married and, except for 
meals taken during working hours, were fed at home. The un- 
married men ate at restaurants. When the group were ques- 
tioned regarding their diet, this was found to consist of ordinary 
Finnish food. No one was on a special diet. No further atten- 
tion was paid to this point, since it was obvious that the diet 
of the policemen in no way differed from the ordinary Finnish 
diet. 

In regard to alcohol consumption, it appeared that the police- 
men took alcohol only occasionally. Thirty-three men were 
smokers, and none of these smoked more than 20 American-type 
cigarettes a day. 

The Convicts. — The subjects of this group were all convicts 
from the Helsinki Central Prison. Before the beginning of this 
study they had been imprisoned for at least a year, the majority 
for three to five years, and one man for 12 years. Hence, it may 
be taken for granted that they were accustomed to prison life 
when the study was commenced. 

The convicts worked mainly in a printing-house, a bakery, a 
painter’s workshop and a metal-worker’s workshop. Only one 
of the present subjects was engaged in outdoor work throughout 
the period under review, as a van-driver’s assistant or in build- 
ing, whilst three men were employed on road-construction work 
for half the period of the study. They had eight-hour working 
days. The evenings were spent in club activities or reading, or 
to some extent at ball-games. Furthermore, educational work 
was carried out among them. 
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‘‘he convicts were given a fixed diet, in which the same 
disiies recurred at intervals of two to three weeks. The diet 
was the same from February 1958, when the study was com- 
merced, to the end of September 1958, when minor changes 
were introduced. 

Throughout the study the total calorie value of the diet was 
about 3100 calories a day. The amount of protein was 110 g. 
The diet contained fat to about 20 per cent of the caloric intake. 
The total daily intake of carbohydrates amounted to about 
550 g. 

When the diet was changed in October 1958, the total calorie 
value remained the same, but the proportion of calories in the 
so-called basic diet, which did not include bread, was increased. 
The contribution of fat to the total caloric intake rose to 22.5 per 
cent. This was mainly due to an increased supply of milk and 
meat. 

The amount of vitamins and minerals in the diet remained 
the same and sufficient, but the supply of vitamin A was doubl- 
ed, from 1300 to 2500 i.u. 

In addition to receiving the above-mentioned food, the con- 
victs were allowed to buy a small amount of foodstuffs. The 
amounts remained more or less the same from month to month. 
On average, the convicts bought 0.40 kg butter or margarine, 
1.2 kg sugar and 0.2 kg tinned meat a month. 

One of the convicts said that he did not eat fat. Thirty-three 
were smokers, and these smoked Finnish-type cigarettes, which 
contain about 0.45 g tobacco, whilst American-type cigarettes 
contain about 1.2 g. The number of these cigarettes smoked 
daily varied between 10 and 50, which in amount of tobacco cor- 
responds to a consumption of less than 20 American-type 
cigarettes. 

Before imprisonment many of the convicts had from time te 
time been excessive drinkers, but as convicts they had no 
opportunity to obtain alcohol. 

Many of both the convicts and the policemen were regular 
blood donors, but during the time of the study their services 
were not called for. 

Plan of Study. — The study was performed in Helsinki from 
February 1958 to January 1959. 
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As precisely as possible at monthly intervals blood samples 
were drawn for lipid analysis. Simultaneously samples were 
collected for the determination of haemoglobin and the erythro- 
cyte sedimentation rate. 

Once a month the subjects were weighed, and at the end of 
the study measurements were made in order to assess body 
build and nutritional state. Furthermore, during the course of 
the study a careful physical examination was made. 

The physical examination included auscultation of the heart 
and lungs and palpation of the abdomen, particular attention 
being paid to the size of the liver. The thyroid gland was care- 
fully palpated, and possible signs of thyrotoxicosis and hypo- 
thyroidism were noted. The blood pressure was measured in 
the sitting position, when the subjects had been seated for 30— 
60 minutes, by the indirect Riva-Rocci method, using a mercury 
blood-pressure meter. A blood pressure of under 150/90 was 
regarded as normal. 

Every time when samples were collected the subjects were 
questioned regarding their state of health, any changes in their 
working or living conditions and the occurrence of any relevant 
events in the interval. 

The Collection of Samples. — All blood samples were drawn 
from the cubital vein using stasis of as short a duration as poss- 
ible. 

For lipid determination about 15 ml of blood was drawn and 
left to coagulate. Simultaneously samples were drawn for the 
determination of the erythrocyte sedimentation rate and haemo- 
globin. 

After about three hours, the coagulated blood sample was 
centrifuged and the clear serum used for lipid determination. 

In the group of policemen blood was drawn between 10 and 
12 a.m. after fasting for six to eight hours. Then some of the 
men had been working for some hours, others had just come on 
duty and still others had finished their working day. 

In the group of convicts samples were collected between 6 
and 8 a.m., immediately after waking, when the subjects had 
been fasting for at least ten hours. 
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METHODS 
of 
y ANALYTICAL METHODS 
of 
Serum total cholesterol and total phospholipids and the 
t cholesterol of the electrophoretically isolated a- and /-lipo- 
n proteins were determined. In addition, haemoglobin and the 
> erythrocyte sedimentation rate were measured. 
)= The serum total cholesterol was determined by the modifica- 
n tion of the method of Abell et al. (1952) introduced by Anderson 
a and Keys (1956), modified by Konttinen (1959). On the day 
y on which the sample was drawn, 0.1 ml of serum was sucked 
1S onto a piece of Whatman no. 1 filter paper and dried. The 
cholesterol analyses were made two weeks later. After hydro- 
e lysis and petroleum-ether extraction Lieberman—Burchard’s 
ir reagent was added and the staining reaction was read with a 
it Beckman B photometer at wavelength 625 mu 35 minutes after 
addition of the reagent. 
n The amount of total serum phospholipids was determined by 
3 analysis of the lipid phosphorus, and using the coefficient 25.0 
the phosphorus value was converted to phospholipids. After 
burning a serum ethanol-ether extract, lipid phosphorus was 
e determined by Fiske-Subbarow’s method (1925) as described by 
)- Nikkila (1953). The analysis was always begun on the day 
when the sample was drawn. Optical density was measured 
iS with a Beckman B photometer using 5 cm cuvettes at wave- 
length 660 mu. 

For the determination of the amount of cholesterol in the 
lipoprotein fractions the serum lipoproteins were separated by 
paper electrophoresis into two main fractions. They were sep- 
arated by cutting, and the cholesterol was determined in the 

6 same way as total cholesterol. Paper electrophoresis was per- 
d formed by a method elaborated by Nikkila (1953) and modified 
by Konttinen (1959). Onto a piece of Whatman no. 1 filter 
paper measuring 12 < 30 cm about 0.15 ml of serum was pipet- 
ted. Running was performed for 3—4 hours in a barbiturate 
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buffer of pH 8.6. When the paper had dried, a 2.5 em broad 
slip was cut from its margin and the lipids were stained as 
suggested by Swahn (1953). The two lipid fractions were then 
cut apart (Miettinen 1956), and the amount of cholesterol was 
measured. Using these relative values and the value for total 
cholesterol, the amount of cholesterol in the a- and /-fractions 
was calculated. 

The erythrocyte sedimentation rate and haemoglobin were 
determined by the routine methods employed in the laboratory. 
The former was determined by Westergren’s technique as a one- 
hour value. For haemoglobin determination 0.025 ml of blood 
was drawn into 10 ml of 0.04 per cent ammonia water and the 
colour was read with a Hilger spectrophotometer and filter 
no. 55. The values were obtained from the standard table of 
the laboratory, indicated as grams per 100 ml. 


BODY MEASUREMENTS 


The subjects were weighed once a month on the same 
balance. They were weighed with their clothes on, but without 
shoes, and the weight was reduced by the weight of the clothes, 
which had previously been determined. The readings were 
accurate to the nearest 0.5 kg. The relative body weight was 
determined according to the mean values in the tables of the 
Metropolitan Life Insurance Company (1943). 

Height was determined to the nearest centimetre. 

The thickness of the adipose tissue was measured with a 
caliper from the upper arm skinfold over the triceps muscle and 
from the subscapular skinfold (Brozek 1956). The measure- 
ments were made at 0.5 mm accuracy. The results are indicated 
as the sum of the thickness of the skinfolds. Biacromial and 
bicristal diameters were measured with an anthropometer at 
1.0 mm accuracy. 


STATISTICAL TREATMENT 


Seasonal Variations. — To describe statistically distributions 
of observed values in each group studied in each month, cumu- 
lated per cent distributions have been utilized. Such a distribu- 
tion curve rises monotonously from zero at the lowest observed 
value to 100 per cent at the highest observed value. 
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the curves have been graphed, and from the graphs the 
thice quartiles Q,, Q., and Q., have been determined. Plotting 
the quartiles as a function of time, a description of shift of the 
distributions in time obtains. In particular, the second quartile 
Q., then describes the development of the central tendency, and 
has been used for further calculations as described in what 
follows. As measure of dispersion, the semi-interquartile range 
has been determined, defined by '/2(Q,.—Q,). This quantity is 
approximately two-thirds of the standard deviation of the 
distribution. 

Graphs have also been prepared to illustrate shift of the 
distributions in another way: to show the proportion of the 
material between some two arbitrary selected values as a func- 
tion of time. 

In preparation of per cent distributions, some missing values 
from the original framework of data were to be replaced. This 
was done by calculating linearly interpolated value (or values) 
for a subject between those months where the gap was. In the 
average, the proportion of missing values is about 5 per cent of 
the total number of entries, and seems to be rather haphazardly 
distributed in time, except for some concentration on the usual 
vacation times of the policemen. There is no reason to suspect 
that the procedure of replacements affects the analysis in any 
way. 

To elucidate the pattern of possible systematic seasonal 
variation, two attempts have been made to utilize the medians 
mentioned above. In one attempt, moving averages were calcul- 
ated including three consecutive months in each average, and 
tying up the beginning and the end of the observed year so as 
to obtain an uninterrupted cycle. Cyclic patterns thus obtained 
were tabulated and presented graphically. 

Instead of moving averages, a perhaps more elegant and 
more general method is to assume some kind of mathematical 
model which in general terms would describe cyclic variation 
and for which the necessary parameters will be estimated from 
the set of original data. For such a model, innumerable pos- 
sibilies exist; in the present study, trigonometric cyclic functions 
have been used. The equations used are of the type 

Y = y + bysinO + b.,cosO, 
where 
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Y = predicted seasonal value (for a given month) 

y = mean of the medians of the same month 

O = angle corresponding to the month (Feb. 30°, March 

60° etc.) 

b; and b., = regression coefficients. 

In solving these equations, the usual method of least squares 
has been used. The results are shown in a tabulation of the 
estimated parameters, analysis of variance, and actual calcula- 
tion of predicted values for each month which also are included 
in the graphs. The residual standard deviation shown indicates 
the variability of actual medians around the predicted or calcul- 
ated curve. The probability value P shown indicates the signifi- 
cance of the observed correlation; small P (0.05 or smaller) 
characterizes good agreement between actual medians and the 
calculated values. (Table 1.) 


TABLE 1 
Regression Constants, Probability and Residual Standard Deviation. 


Proba- Resid- Unit 
bility ual of 
Regression Constants P  Stand- Meas- 


Variable y b b» ard ure- 
Deviation ment 


Total Convicts 221.1 —.0236 .0924 A 9.8 


phospholipids Policemen 235.1 0241 —.0093 1 6.0 
Total Convicts 2064 —.1025 0909 025 86 
cholesterol Policemen 216.0 —.0211 0279 59 
a- Convicts 23.3 1500 —.0914 005 
Cholesterol Policemen 23.1 —.0499 8 


- Convicts 157.8 —.1067 0975 005 57 
Cholesterol Policemen 167.3 .0146 .0366 a 12 Bic 


(In regr. calculations sinO and cosO have been multipled by 100.) 


Every mathematical model has its limitations. As for the 
present one, these comments can be made. The model implies 
that there be a single cycle per year with a distance of six 
months between maximum and minimun,, the latter two quanti- 
ties being at equal amplitude distance from the average level of 
the year. Location in time of the maximum can be anywhere 
along the year. This type of a model is known to fit with many 
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naiural phenomena, one reason to which might well be the 
effect of the Earth’s almost circular motion around the Sun. 
Methodical Error. — The error of the method in certain 
determinations has been calculated by using independent dupli- 
cations (not parallel determinations). 
The following methodical errors were found in the various 
lipid determinations: 


n 
40 40 mg% 
Total 100) mg% 


Comparison of the Groups. — The means and standard errors 
of the mean were calculated by the usual methods. To deter- 
mine the statistical significance of the differences between the 
groups, the t-test or analysis of variance were applied. The 
degree of statistical significance is expressed as P. P 0.001 
designates a highly significant difference between the examined 
groups, P 0.01 a significant difference and P 0.05 an almost 
significant difference, and the P value indicated by two dots 
(..) means that the difference could not be ascribed any statist- 
ical significance. 

Some Expressions Used in Reporting the Results. — Cumu- 
lative per cent distribution: cumulative per cent distribution 
rises from zero at the lowest value to 100 per cent at the highest 
observed value. 


Q,: the first quartile, with 25 per cent of the series 

Q.,: the second quartile or median, dividing the series into two 
equal groups. 

Q.,: the third quartile, with 75 per cent of the series. 


D: semi-interquartile range = '/2 (Q.—Q,). D is approx- 
imately two-thirds of the standard deviation of the distri- 
bution. 


A: moving average, i.e. the mean value for the values of three 


successive months. 
- C: predicted seasonal value, determined by statistical treat- 
ment. 
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RESULTS 


BODY MEASUREMENTS 


Table 2, and Table 12 in the Appendix, show the median 
values for height, weight, relative body weight, upper arm and 
subscapular skinfold sum and biacromial and bicristal diameters 
in the groups of policemen and convicts. 

The cumulative per cent distribution of the values in ques- 
tion is shown in Table 13 in the Appendix. 

The policemen were of sturdier build, on average, and they 
were heavier. In the group of policemen the median height was 
180 cm, which is 7 cm more than the corresponding value, i.e. 
173 cm, in the group of convicts. On average, the policemen 
weighed 11 kg more than the convicts, the median values being | 
78 and 67 kg, respectively. 

In the group of policemen relative body weight and upper 
arm and subscapular skinfold sum were larger than in the 
group of convicts. The median values for relative body weight 
were 1.06 in the former and 0.98 in the latter. The upper arm 
and subscapular skinfold sum was 24 mm in the group of police- 
men against 17 mm (median values) in the group of convicts. | 
Skeletal measures, too, were larger in the group of policemen. 
In this group the median biacromial diameter was 39.5 cm, 
which was 1.6 cm more than in the group of convicts, and the 
median bicristal diameter was 29.8 cm, which exceeded the 
corresponding value in the group of convicts by 0.9 cm. 


TABLE 2 


Height, Weight, Relative Body Weight, Arm and Subscapular Skinfold 
Sum, Biacromial Diameter and Bicristal Diameter: Median Values 


Height Weight Relative Skinfold Biacromial Bicristal 


(cm) (kg) Body Sum Diameter Diameter 
Weight (mm) (cm) (cm) 
Policemen 180 78 1.06 24 39.5 29.8 


Convicts 173 67 0.98 17 37.9 28.9 
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THE SERUM LIPID LEVELS 


The amount of total phospholipids, total cholesterol, a- and 
/-cholesterol and a- cholesterol expressed in per cent of total 
cholesterol were determined once a month. On the basis of 
these results the mean lipid levels were calculated for the two 
groups of subjects. The mean values are shown in Table 3. 


TABLE 3 


Mean Values and Standard Errors of the Mean for Serum Lipids. 
Statistical Significance of the Differences between the Groups: t-Test 


Policemen Convicts Difference t P 
between 
the Means 


Total phospholipid mg% 240.2+5.26 2261+ 4.41 14.1 2.06 0.05 
Total cholesterol mg% 2241+667 211814631 12.3 3.42 0.01 


«u-Cholesterol mg% 49.9 + 1.14 48.1+1.19 17 1.08 
f-Cholesterol mg% 174.9+687 163.3 + 6.26 11.5 1.24 
u-Cholesterol % 23.3 + 0.99 23.6 + 0.90 0.26 0.19 


On comparing these mean values it is found that the mean 
value for total phospholipids was 14.1 mg. per 100 ml. higher 
in the group of policemen. The difference is almost significant 
(P 0.05). The mean total cholesterol value was 12.3 mg. per 
100 ml. higher in the group of policemen, which makes a signifi- 
cant difference (P 0.01). By contrast, there were no significant 
differences between the two groups in regard to the mean values 
for a-cholesterol, /-cholesterol and a-cholesterol in per cent of 
total cholesterol. 


THE CHANGES IN THE SERUM LIPID VALUES 


The monthly median lipid values in the groups of policemen 
and convicts were statistically treated, the predicted seasonal 
value being determined, and the moving average being cal- 
culated for each month. The results are shown in Tables 14—18 . 
in the Appendix. The median lipid values and the predicted 
seasonal values are also presented in Figs. 1 and 1a. The cum- 
ulative per cent distribution of the lipid values is shown in 
Fig. 2 and in Tables 20—24 in the Appendix. 
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Seasonal Variations 


The main object of the present study was to find out whether 
periodical fluctuations in serum lipids accompanying the succes- 
sion of the seasons occur. For this purpose the monthly median 
lipid values were statistically treated. In order to ascertain 
which lipid values the changes related to, the cumulative per 
cent distribution of the values was calculated for each month. 

The total phospholipid values in the group of policemen 
showed no seasonal variation. By contrast, in the group of 
convicts a clear tendency towards a decrease in spring and 
summer and an increase in autumn and winter was discernible, 
but the changes were not statistically significant (P 0.1). The 
lowest median value, 199 mg. per 100 ml., was noted in June 
and the highest values, 239 mg. per 100 ml. and 240 mg. per 
100 ml., were noted in March and January. 

Total cholesterol in the group of policemen showed no 
seasonal variations, although the values were lowest in spring 
and summer. By contrast, in the group of convicts total 
cholesterol fell in summer and rose in winter, and the changes 
were significant (P 0.025). In this group the minimum value 
for total cholesterol (median) was observed in May (187 mg. 
per 100 ml.), the maximum value in January (232 mg. per 
100 ml.). From the values for February and March the drop 
to the values for April and May was considerable. In the 
autumn the values began to rise, reaching the maximum in 
the middle of the winter. 
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Fig. 1a. — Seasonal variations of «-cholesterol in per cent of total chole- 

sterol: monthly median values ( ) and predicted seasonal values 

(----). The values in the group of convicts show significant seasonal 
variations. 
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Fig. 2. — Cumulative per cent distribution of serum lipids. In the group 
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The a-cholesterol values showed no seasonal trend in either 
group. The changes in /-cholesterol ran parallel to those ob- 
sexved in the total cholesterol values. In the group of police- 
men no significant seasonal variation was demonstrable in this 
lipid fraction, either. By contrast, in the group of convicts the 
p-cholesterol values showed significant seasonal changes (P 
0.005). The lowest value, 139 mg. per 100 ml. (median), was 
noted in April. Low values were obtained in May and June, 
too (144 mg. per 100 ml. and 143 mg. per 100 ml.). The highest 
values, 171 mg. per 100 ml. and 176 mg. per 100 ml., were 
noted in December and January. 

The ratio of a-cholesterol to total cholesterol varied in the 
same way in the two groups, being highest in spring and 
summer and lowest in winter. In the group of policemen the 
changes were not significant, however. By contrast, in the 
group of convicts the seasonal trend was significant (P 0.005). 
In this group the lowest value, 21.2 per cent, was observed in 
December and the highest value, 25.2 per cent, in April and 
June, whilst the value for May was 24.3 per cent. 


When the cumulative per cent distribution was analysed 
(Fig. 2, Tables 20—24 in the Appendix), no seasonal variation 
was found in the group of policemen, but in the group of con- 
victs a seasonal trend in the distribution of the lipid values 
emerged. 

In the group of convicts the total phospholipid values 
showed a seasonal trend, inasmuch as the proportion of low 
values increased in the summer months. In June there were 
51 per cent values under 200 mg. per 100 ml. against only 9 per 
cent in January. Of the total cholesterol values the proportion 
under 200 mg. per 100 ml. was 63 per cent in May against 
17 per cent in January. In regard to the high values over 
251 mg. per 100 ml. no appreciable variation was noted. The 
changes in /-cholesterol ran parallel with the changes in total 
cholesterol. In spring and summer the low values increased, 
but the high values showed no seasonal trend. In June there 
were 40 per cent values under 125 mg. per 100 ml. against 
9 per cent in January and March. The a-cholesterol values 
exhibited mainly a variation between 40.1—50 mg. per 100 ml. 
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and 50.1—60 mg. per 100 ml., but no clear seasonal trend 
was discernible. By contrast, the ratio of «a-cholesterol to 
total cholesterol showed seasonal changes in the group of con- 
victs, inasmuch as the number of high values increased in 
summer and the number of low values increased in winter. in 
November and January, the ratio of a-cholesterol to total chole- 
sterol was under 25 per cent in 77 per cent of cases against 49 
per cent in April and June. The most striking feature in the 
variation of the per cent distribution was the seasonal trend 
observable in the /-cholesterol values. 


Individual Lipid Levels 


The individual mean serum lipid values and standard devia- 
tions of the mean are shown in Table 11 in the Appendix. The 
monthly serum cholesterol values are shown in Table 10 in the 
Appendix. The policemen and the convicts were classified in 
groups according to lipid level (Tables 4, 5, 6). 

In the group of policemen the mean values for total phospho- 
lipids ranged from 177 to 319 mg. per 100 ml., the mean value 
for the group being 240.2 mg. per 100 ml. In the group of con- 
victs the range was from 183 to 281 mg. per 100 ml., the mean 
value being 226.1 mg. per 100 ml. Of the policemen 9 per cent 
had mean values over 300 mg. per 100 ml., whilst the highest 
mean value in the group of convicts was 281 mg. per 100 ml. 
Mean values ~ 200 mg. per 100 ml. were noted in 11 per 


TABLE 4 


Policemen and Convicts Classified According to Total Phospholipid Level: 
Mean Values for Standard Deviation, Standard Error of the Mean and 
Range of Standard Deviation in the Subgroups 


Total Phospholipid mg% < 200 201—250 251—300 > 301 


Policemen 
No. 5 23 13 4 
SD 115 15.4 22.8 
+ 1.45 a5 + 197 
range of SD 7.3—15.8 7.4—27.6 14.2—29.0 21.7—39.2 
Convicts 
No. 5 21 9 — 
SD 15.1 20.2 19.5 
141 + 2:45 


range of SD 11.8—19.4 10.2—31.4 9.3—30.8 
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cent of the policemen and in 14 per cent of the convicts. In 
the group of policemen 51 per cent, and in the group of convicts 
60 per cent, had mean values between 201 and 250 mg. per 
100 ml., whilst mean values between 251 and 300 mg. per 100 ml. 
were noted in 29 per cent of the policemen and 26 per cent of 
the convicts. 

In order to measure the variation, the standard deviation of 
the total phospholipid values was determined. In the group of 
policemen the average individual standard deviation was 
17.8 mg. per 100 ml., the range being from 7 to 39 mg. per 
100 ml. In the group of convicts the standard deviation was 
of the same magnitude, the average being 19.3 mg. per 100 ml., 
whilst the individual values ranged between 9 and 31 mg. per 
100 ml. The standard deviation was under 25 mg. per 100 ml. 
in 82 per cent of the policemen and 83 per cent of the convicts. 

In the group of policemen the standard deviation was higher 
in individuals with high phospholipid values (P 0.001), whilst 
no such correlation was demonstrable in the group of convicts. 

The total cholesterol values varied between 147 and 309 mg. 
per 100 ml. in the group of policemen and between 154 and 289 
mg. per 100 ml. in the group of convicts. As indicated in the 
foregoing (Table 3), the mean value for the former group (224.1 
mg. per 100 ml.) was higher than the mean value for the latter 
(211.8 mg. per 100 ml.). The mean value was < 200 mg. per 
100 ml. in 40 per cent of the policemen and 43 per cent of the 


TABLE 5 


Policemen and Convicts Classified According to Total Cholesterol Level: 
Mean Values for Standard Deviation, Standard Error of the Mean and 
Range of Standard Deviation in the Subgroups 


Total Cholesterol mg% < 200 201—250 251—300 S 301 


Policemen 
No. 18 15 8 4 
SD 17 17.0 23.7 29.7 
+ 0.97 + 0.82 + 2.36 Ei: 
range of SD 7.16—21.5 11.7—22.7 15.9—37.9 27.5—34.4 
Convicts 
No. 15 13 7 — 
SD 19.9 20.8 22.6 
+ 1:47 S73 + 1.98 
range of SD 11.0—31.4 14.3—36.2 13.9—28.9 
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convicts. The mean value was 201—250 mg. per 100 ml. in 33 per 
cent of the policemen and in 37 per cent of the convicts, 251— 
300 mg. per 100 ml. in 18 per cent of the policemen and 20 per 
cent of the convicts. Mean values over 300 mg. per 100 ml. were 
noted only in the group of policemen — in 9 per cent of the men. 

The standard deviation of the total cholesterol values was 
an average of 18.0 mg. per 100 ml. in the group of policemen, 
the individual values ranging between 7 and 38 mg. per 100 ml. 
In the group of convicts the standard deviation was somcwhat 
higher (P 0.05) than in the group of policemen, i.e. 21.1 mg. per 
100 ml., whilst the individual values ranged between 11 and 
36 mg. per 100 ml. The standard deviation was under 25 mg. 
per 100 ml. in 84 per cent of the policemen and 80 per cent 
of the convicts. 

The difference between the highest and the lowest chole- 
sterol values noted during the year varied in the group of 
policemen between 19 and 104 mg. per 100 ml. and in the group 
of convicts between 39 and 124 mg. per 100 ml. In only about 
24 per cent of the policemen and 8 per cent of the convicts was 
the difference between the values for two successive months 
invariably under 30 mg. per 100 ml. This difference was over 
50 mg. per 100 ml. at least once during the year in 35 per cent 
of the policemen and 44 per cent of the convicts. The greatest 
difference observed between two successive determinations was 
86 mg. per 100 ml. in the group of policemen and 88 mg. per 
100 ml. in the group of convicts. 

In the group of policemen there was a highly significant 
(P 0.001) correlation between high cholesterol values and a 
high standard deviation, but in the group of convicts no signifi- 
cant correlation was observable on this point. 

The a-cholesterol values in the group of policemen and the 
group of convicts did not differ significantly from each other. 
In the former, the individual mean values ranged from 38 to 
66 mg. per 100 ml., the mean for the group being 49.9 mg. per 
100 ml. In the latter, the range was from 30 to 60 mg. per 100 ml., 
the group mean being 48.1 mg. per 100 ml. A value over 60 mg. 
per 100 ml. was noted in 13 per cent of the policemen and 3 
per cent of the convicts (one subject). In both groups 31 per 
cent had mean values between 50.1 and 60 mg. per 100 ml. A 
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mean value < 50 mg. per 100 ml. was observed in 56 per cent 
of the policemen and 66 per cent of the convicts, a mean value 
_< 40 mg. per 100 ml. in only 2 policemen and 4 convicts (4 and 
16 per cent, respectively). 

The standard deviation of the a-cholesterol values was of the 
same magnitude in the two groups. In the group of policemen 
the mean value was 5.2 mg. per 100 ml., in the group of con- 
victs 5.4 mg. per 100 ml. In the former, the standard deviation 
of the individual values ranged from 1 to 11 mg. per 100 ml., in 
the latter from 3 to 14 mg. per 100 ml. The standard deviation 
was under 10 mg. per 100 ml. in 95 per cent of the policemen 
and 97 per cent of the convicts, under 5 mg. per 100 ml. in 
54 per cent in both groups. 

The ratio of a-cholesterol to total cholesterol was of the same 
magnitude in the group of policemen and the group of convicts, 
i.e. 23.3 per cent and 23.6 per cent, respectively. In the former 
group the ratio varied from 13 to 33 per cent, in the latter from 
14 to 40 per cent. The individual standard deviation varied in 
both groups between 1 and 5 per cent, the average being 2.5 per 
cent in the group of policemen and 2.8 per cent in the group of 
convicts. 

The variation in /-cholesterol ran parallel with the variation 
in total cholesterol. In the group of policemen the individual 
values ranged from 98 to 267 mg. per 100 ml., the mean for the 


TABLE 6 


Policemen and Convicts Classified According to «-Cholesterol Level, 
a-Cholesterol in Per Cent of Total Cholesterol and /-Cholesterol Level 


a-Cholesterol mg% Zz 40 40.1—50 50.1—60 > 60 
Policemen No. 2 23 14 6 
Convicts No. 4 19 11 1 


a-Cholesterol per cent 215 15.1—20 20.1—25 25.1—30 > 30 


Policemen No. 5 10 10 14 6 


Convicts No. it 7 13 12 2 
f-Cholesterol mg% 150 151—200 201—250 251—300 
Policemen No. 18 16 8 3 


Convicts No. 15 14 6 — 
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group being 174.9 mg. per 100 ml. In the group of convicts the 
corresponding values were 92—240 mg. per 100 ml. and 163.3 
mg. per 100 ml. The variation of the individual values expressed 
as standard deviation was from 5 to 39 mg. per 100 ml. in the 
group of policemen, the average being 18.6 mg. per 100 ml. 
In the group of convicts the standard deviation was somewhat 
larger — just as was the standard deviation of the total chole- 
sterol values — the individual values ranging from 10 to 38 mg. 
per 100 ml. and the average for the group being 21.1 mg. per 
100 ml. 


AGE AND SERUM CHOLESTEROL 


The median age of the policemen and the convicts was 33.2 
and 32.7 years, respectively. In regard to age distribution there 
was no appreciable difference between the two groups. 

The ages of the subjects are shown in Table 11 in the Appen- 
dix, the number of subjects and the cholesterol values in the 
different age groups in Table 7. 

In the group of policemen the cholesterol level was found to 
rise from a mean value of 202 mg. per 100 ml. in those under 
30 years of age to 251 mg. per 100 ml. in the age group 35—39 
years. In those over 40 years old the mean value was 232 mg. 
per 100 ml. Correspondingly, in the group of convicts the chole- 
sterol level rose from 196 mg. per 100 ml. in those under 30 
years old to 250 mg. per 100 ml. in the age group 45—49 years. 


TABLE 7 


Policemen and Convicts Classified According to Age: Mean Total Chole- 
sterol, Standard Error of the Mean and Range of Total Cholesterol in 
the Subgroups 


Age Zz 29 30—34 35—39 40—44 45—49 
Policemen 
No. a5 12 11 < 2 
Total cholesterol 201.6 223.5 250.8 231.8 
+ 9.62 +1417 + 13.48 + 12.39 
range 149—303 147—292 171—309 191—294 
Convicts 
No. 11 12 4 4 4 
Total cholesterol 196.2 204.5 220.8 229.3 250.1 


+ 8.06 + 9.02 + 27.70 +17.73 +21.43 
range 162—238 153—251 167—286 181—260 202—289 
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I: regard to the youngest age group and those over 40 years 
oid the difference was inconsiderable between the convicts 
and the policemen, whilst in the age group 30—39 years the 
convicts exhibited somewhat lower values. 

In neither group was a progressive rise in the cholesterol or 
other lipid values observable during the year of the study. 

On the basis of the cholesterol values in the different age 
groups it appears that the cholesterol level rises with age, but 
the groups are too small to permit any definite conclusions to 
be drawn. 


WEIGHT, SKINFOLD THICKNESS AND SERUM 
CHOLESTEROL 


In order to assess nutritional state, the weight, relative body 
weight and upper arm and subscapular skinfold sum were 
determined (Table 12, 13 in the Appendix). 

In the present study no correlation was observable between 
cholesterol and body weight. This is also seen in Fig. 3. A 
comparison of the changes in weight and changes in cholesterol 
based on the monthly records revealed no correlation on this 
point, either. Furthermore, the changes in weight were found 
to exhibit no seasonal variation (Table 19 in the Appendix). 

The relative body weight was 0.90—1.33 in the group of 
policemen, 0.78—1.13 in the group of convicts. When the police- 
men and the convicts were classified in groups according to 
relative body weight (Table 8), no significant difference in 


TABLE 8 
Policemen and Convicts Classified According to Relative Body Weight: 
Mean Total Cholesterol and Standard Error of the Mean in the Subgroups 


Relative Body Weight 2089 0.90—0.99 1.00—1.09 1.10—1.19 1.20 


Policemen 


No. — 13 12 13 7 
Total cholesterol 213.6 236.4 221.4 227.9 
+ 12.48 + 12.93 +1456 +11.24 
Convicts 
No. 5 13 
Total cholesterol 235.3 201.3 212.9 


+ 16.49 + 10.99 + 8.38 
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Fig. 3.— Correlation between mean total cholesterol and mean body weight. 


TABLE 9 


Policemen and Convicts Classified According to Arm and Subscapular 
Skinfold Sum: Mean Total Cholesterol and Standard Error of the Mean 


in the Subgroups. 


Skinfold Sum 


Policemen 
No. 
Total cholesterol 


Test groups 


Convicts 
No. 
Total cholesterol 


Test groups 


Significance of Difference between Test Groups in the 
Two Groups 


10—14.5 15—19.5 20—24.5 25—29.5 30—345 P 


dq 8 10 12 5 6 
171.3 203.3 229.9 223.4 252.6 259.3 
+583 +1058 +1535 + 10.67 + 20.75 + 19.84 


I II III 0.01 
9 12 8 5 
212.9 206.9 213.9 208.6 
+1531 +1096 +9.82 + 17.97 
I II 
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cholesterol values was observed between the subjects with a 
relative body weight of over 1.00 and those with a relative body 
weight of under 1.00. 

Furthermore, the policemen and the convicts were classified 
in groups according to upper arm and subscapular skinfold sum 
(Table 9), and the difference between the cholesterol values of 
the groups was tested. There was a significant correlation 
(P 0.01) between the skinfold sum and cholesterol in the group 
of policemen, but not in the group of convicts. 


INFECTION AND SERUM CHOLESTEROL 


Throughout the period of study attention was paid to the 
state of health of the subjects. They were questioned on this 
point, and the erythrocyte sedimentation rate was determined, 
every month. 

Slight infectious diseases occurred, such as commen cold, 
fever, furuncles. Such diseases cccurred in the group of police- 
men 27 times and in the group of convicts 13 times during the 
year in question. The cases were evenly distributed over the 
different months. On the basis of these 40 cases the effect of 
infection on serum cholesterol was studied, attention being paid 
to the difference between the values obtained before and after 
infection and the difference between the latter values and the 
values obtained one month later. 

On comparison of the cholesterol values before and after 
infection 28 cases exhibited a fall of 5—80 mg. per 190 ml. and 
6 cases a rise of 1—25 mg. per 100 ml., whilst in 4 cases the level 
remained unchanged. Statistically, there was a significant de- 
crease in cholesterol associated with infection (Sign test; P 0.01). 

On comparison of the values obtained immediately after in- 
fection exhibiting a significant fall with the values for the next 
month, a rise of 2—71 mg. per 100 ml. was observed in 29 cases 
and a fall of 5—34 mg. per 100 ml. in 9 cases. The rise was . 
statistically significant (Sign test; P 0.01). 

An erythrocyte sedimentation rate over 10 mm/hr was 
observed in a total of 15 cases in the two groups together. Serum 
cholesterol fell in 11 of these by 7—34 mg. per 100 ml. and rose 
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in 3 by 2—22 mg. per 100 ml., whilst the level remained the 
same in one case. The fall in serum cholesterol was almost 
significant (t-Test; P 0.05). 

When the erythrocyte sedimentation rate had returned to 
normal, a rise in cholesterol of 4—29 mg. per 100 ml. was ob- 
served in 13 cases and a fall of 11—40 mg. per 100 ml. in 2. 
There was a significant correlation between the normalization 
of the erythrocyte sedimentation rate and the rise in cholesterol 
(Sign test; P 0.01). 

In the present study it was, then, found that the serum 
cholesterol level dropped during infections. After recovery the 
cholesterol values again rose. Furthermore, it appeared that an 
increased erythrocyte sedimentation rate was associated with a 
fall in cholesterol, and normalization was associated with a rise 
in cholesterol. Consequently, when the variations occurring in 
serum cholesterol are studied, these factors must be taken into 


account. 


| 
| 


DISCUSSION 


The Serum wipid Levels 


In both the group of policemen (45 subjects) and the group 
of convicts (35 subjects) the serum lipid values obtained in the 
present study are in agreement with those previously noted in 
normal Finnish men (Nikkilé 1953, Miettinen 1956, Keys et al. 
1958, Konttinen 1959). 

In the group of policemen, which represents subjects living 
under normal environmental conditions, whilst convicts live 
under controlled conditions, the mean value for total phospho- 
lipids, 240.2 mg. per 100 ml., did not differ appreciably from the 
values obtained by Miettinen (1956) and Waris (1958) in normal 
Finnish men of the same ages. Their values, obtained by the 
same method of investigation, were 245 mg. per 100 ml. and 249 
mg. per 100 ml., respectively. In Konttinen’s (1959) series of 
young men (18—26 years old) the mean phospholipid level was 
somewhat lower, 221 mg. per 100 ml. 

In regard to total cholesterol the mean level in the group of 
policemen, 224.1 mg. per 100 ml., was somewhat lower than the 
value obtained by Waris (1958) for normal Finnish men, using 
the same method of determination. Waris’ mean value for men 
aged 21—40 years was 244 mg. per 100 ml. The present values 
in the group of policemen were also somewhat lower than those 
obtained by Keys et al. (1958) in Finnish men. In the younger 
age groups of policemen, however, the cholesterol values 
did not differ much from those noted by Keys et al. (1958). In 
regard to subjects over 40 years old, the values obtained by 
Keys et al. were clearly higher than those noted in the present 
group of policemen. 

A rise in serum cholesterol with age, noted by many writers - 
(e.g. Keys et al. 1950 b, c, Nikkila 1955, Keys et al. 1958, Carl- 
son 1960), seemed to be demonstrable in the present series, too, 
but the age groups were too small to permit any definite con- 
clusions to be drawn. 
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In the group of policemen the distribution of cholesterol 
between the a- and /-fractions was more or less the same as has 
previously been observed in Finnish men. The a-lipoprotein 
cholesterol level was 49.9 mg. per 100 ml., which is somewhat 
higher than the values noted by Keys et al. (1958) in various 
age and occupational groups, i.e. 37—46 mg. per 100 ml., but 
lower than Miettinen’s (1956) value of 62 mg. per 100 ml., 
Waris’ (1958) 55—57 mg. per 100 ml. and Konttinen’s (1959) 
56 mg. per 100 ml. The ratio of a-cholesterol to total chole- 
sterol was 23.3 per cent, which tallies with the results obtained 
by Miettinen (1956) and Waris (1958), i.e. 26 and 24 per cent. 
Konttinen’s (1959) corresponding value for young men was 27 
per cent. The mean value for /-cholesterol obtained in the 
present study, 174.9 mg. per 100 ml., is of the same magnitude as 
the values reported by Miettinen (1956), Waris (1958) and Keys 


et al. (1958). 


The Differences in Serum Lipid Levels between the Grownps 


The serum lipid level was lower in the group of convicts 
than in the group of policemen. Total cholesterol was signifi- 
cantly lower in the convicts (211.8 mg. per 100 ml.) than in the 
policemen (224.1 mg. per 100 ml.). The level of total phospho- 
lipids, too, seemed to be lower in the group of convicts (226.1 
mg. per 100 ml.) than in the group of policemen (240.2 mg. per 
100 ml.), although the difference was only almost significant. 
By contrast, there was no significant difference between the two 
groups in regard to «-cholesterol, //-cholesterol and the ratio of 
a-cholesterol to total cholesterol. Josephson et al. (1952), too, 
found that the level of serum cholesterol was lower in Finnish 
convicts than in other healthy Finnish men. Furthermore, Gof- 
man et al. (1956) reported lower cholesterol and Sf 12—20-lipo- 
protein values in convicts than in other normal subjects, while 
in a series of convicts studied by Thomas et al. (1961) 
the serum cholesterol level was in agreement with the chole- 
sterol level previously observed in students of the same age 
(Thomas and Eisenberg 1957, Thomas and Murphy 1958). 

When the individual variations in lipids were analysed, both 
the group of policemen and the group of convicts were found 
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to include some individuals exhibiting wide variations and 
otiiers with fairly stable lipid levels. In the group of policemen 
the widest variations were observed in those exhibiting high 
cholesterol levels, but in the group of convicts no such correla- 
tion was demonstrable. 

It is striking that there seemed to be somewhat wider indi- 
vidual variations in the group of convicts than in the group of 
policemen. Under the controlled and regular living conditions 
in prison it might have been expected that the lipid levels 
would remain more constant. In a series of convicts studied by 
Thomas et al. (1961), the standard deviation of total cholesterol 
was 10.8—49.0 mg. per 100 ml., which is in agreement with the 
standard deviation of 11.0—36.2 mg. per 100 ml. noted in the 
present group of convicts, in which the mean value was 21.1 mg. 
per 100 ml. In the group of policemen the standard deviation of 
total cholesterol was 7.2—37.9 mg. per 100 ml., the mean value 
being 18.0 mg. per 100 ml. It appears, then, that the variability 
of the lipids is not to any considerable degree dependent on 
regularity of living conditions. 

In an attempt to account for the differences in lipid levels 
between the group of policemen and the group of convicts, the 
difference in build attracts attention, among other things. The 
policemen were taller and heavier, their skinfold was thicker 
and the biacromial and bicristal measures, too, were larger than 
in the group of convicts. According to certain writers (e.g. 
Mjassnikov 1927, Petersen and Levinson 1930, Gildea et al. 1936, 
Esgaard 1943, Gertler et al. 1950 a, Kornerup 1950, Tanner 1951), 
subjects of sturdy build have higher lipid levels than persons of 
slender build. By contrast, Goldbloom (1952) and Lindholm 
(1956), among others, failed to detect any correlaticn between 
serum lipids and body build. 

Furthermore, it is possible that the convicts and the police- 
men differed from each other in regard to hereditary and racial 
properties. A large number of investigators have come to the 
conclusion that external factors, e.g. socio-economic status and 
living conditions, influence the serum lipid level more than do 
hereditary properties (e.g. Keys et al. 1955 c, 1956, 1958, Walker 
and Arvidsson 1954, Brock and Bronte-Stewart 1955, Bronte- 
Stewart et al. 1955, Mann et al. 1955 a, b, Bersohn and Way- 
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burne 1956, Larsen 1957, Toor et al. 1957, 1960, Yudkin 195/, 
Bloomberg et al. 1958, Gupta et al. 1958, Ruskin et al. 195s, 
Whyte et al. 1958, Mathur et al. 1959, Padmavati et al. 1959), 
certain hereditary metabolic diseases excepted (e.g. essential 
familial hypercholesteraemia; Thannhauser 1960, and others). 
The significant influence of external factors is also illustrated 
by an observation made by Keys et al. (1958) in a study on 
the cholesterol values of Finnish men. They noted a difference 
in cholesterol level between men living in eastern and western 
Finland, respectively, whilst subjects living in the same place 
had similar cholesterol levels irrespective of the part of Finland 
where they came from. 

It has been shown in many studies that obese people have 
higher serum lipid levels than subjects of normal weight (e.g. 
Mjassnikov 1927, Tanner 1951, Gofman et al. 1952, Walker 1953, 
Gupta et al. 1958, Padmavati et al. 1959), or that there is some 
correlation between obesity and serum lipids (Keys 1954), but 
numerous other investigators have failed to observe any direct 
correlation on this point (e.g. Bruger and Pointdexter 1934, 
Peters and Man 1943, Keys 1949, Gertler et al. 1950 a, Groen 
et al. 1952, Lindholm 1956, Karvonen et al. 1959). In the 
present study no correlation was observed between serum chole- 
sterol and weight, nor between serum cholesterol and relative 
body weight. 

One way of assessing a subject’s nutritional states is to 
measure his skinfolds. Tanner (1951) observed a correlation 
between skinfold and serum lipids, whilst Keys (1954) and Keys 
et al. (1960) observed such a correlation only in certain groups 
of subjects, and other writers have failed to detect any correla- 
tion (e.g. Karvonen et al. 1959, Thomas and Garn 1960). In the 
present study a significant correlation between cholesterol and 
skinfold sum was observed in the group of policemen, but not 
in the group of convicts. 

The physical activity to which the convicts were exposed was 
relatively slight, a few men excepted who performed heavy 
manual work. On the other hand, the work of the policemen, 
too, was fairly light. It appears that in regard to physical activity 
there was no difference between the two groups which could 
have been responsible for the differences in lipid level. 
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Since psychic stress cannot be measured, it is difficult to 
say whether any differences in psychic factors contributed to 
the differences in lipid level. 

By contrast, in regard to diet there was a definite difference 
between the two groups. The amount of fat in the diet of the 
policemen, estimated at 35 per cent of the total calorie value, 
was considerably higher than the amount of fat in the diet of 
the convicts, which was estimated at about 25 per cent (see p. 
49). The difference in the consumption of fat may in part account 
for the differences observed in the lipid levels of the two groups. 


Seasonal Variations in the Serum Lipid Levels 


In the convicts a seasonal variation was observed in the levels 
of serum total cholesterol, -cholesterol and the proportion of 
a-cholesterol. The highest total cholesterol and /-cholesterol 
values were noted in the winter and the lowest values in late 
spring and summer, whilst the ratio of a-cholesterol to total 
cholesterol was lowest in the winter and highest in the summer. 
By contrast, in the group of policemen no seasonal variations 
were observed in the serum lipid values. 

A seasonal or thermal effect on the blood and plasma 
volumes has been clearly established (e.g. Barcroft et al. 1922, 
Bazett 1938, Bazett et al. 1940, Maxfield et al. 1941, Doupe et al. 
1957). Since the possibility had to be taken into account that 
the changes in lipid level observed might be due to changes in 
blood volume, determinations of plasma volume and _ blood 
volume were made on all subjects every second month. The 
variations in lipid level could not, however, be accounted for 
by the changes observed in the plasma and blood volumes 
(Paloheimo, unpublished). 

In Finland, seasonal changes in the climate are considerable. 
In Helsinki, there is a sharp rise in temperature from February 
and March over April, May and June to the maximum in July 
(Fig. 4). Subsequently, the temperature begins to drop, the 
difference between July, on the one hand, and December and 
January, on the other, being very marked. During the period 
of this study, from February 1958 to January 1959, the monthly 
mean temperatures were somewhat lower than normal, the 
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autumn months from September to November excepted, which 
were warmer than normal (Fig. 4). The period of the study 
was also characterized by wide, but transient temperature fluc- 
tuations throughout the year. 

On scanning the available literature only a few papers deal- 
ing with the influence of external temperatures on human 
serum lipids were found. These are short-term studies, and in 
some of them an increase in cholesterol at low temperatures 
(Kuhl et al. 1955) or a decrease at high temperatures (e.g. Mar- 
chioni and Ottenstein 1931, Walinski and Bleisch 1939) has been 
observed, in others no clear changes (Ott 1948). In the bovine, 
serum cholesterol has been found to go up when the external 
temperature goes down, and vice versa (Diven et al. 1958). 


Ultraviolet radiation, which shows a marked seasonal varia- 
tion, has attracted more attention than temperature in studies 
on human serum lipids. The amount of sunshine and ultraviolet 
light begins to rise abruptly in the spring. According to Seppi- 
Kivalo (1954), in Helsinki the amount of ultraviolet radiation 
is approximately the same from year to year (Fig. 5). The 
amount of ultraviolet light increases markedly from March to 
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May, and further until the maximum is reached in July. Sub- 
sequently, there is a marked drop towards the winter months. 
When the mean temperature curve for the year (Fig. 4) is 
compared with the curve illustrating the amount of ultraviolet 
radiation (Fig. 5), it is seen that they run nearly parallel 
courses. 

It has been reported that ultraviolet radiation and sunlight 
bring about a decrease in cholesterol (e.g. Loeper and Degos 
1930, Altschul and Herman 1953, Altschul 1955 a,b,c, Plavsic 
et al. 1958), whilst short-term exposition to strong sunlight and 
ultraviolet radiation causes a transient increase in cholesterol 
(e.g. Malezynski 1928, 1930, Malezynski and Lankosz 1933, Lau- 
reus 1938, Caccialanza 1959). 


The greatest changes in the lipid levels of the convicts 
occurred in the spring, when a decrease began in March—May. 
Pucher et al. (1934) emphasized that a marked transient 
decrease in cholesterol occurred in spring. In a series of con- 
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victs Thomas et al. (1961), too, observed »a sharp decline from 
March to May when the lowest point of the year is reached». 

When the present two groups are compared from the stand- 
point of possible exposition to the influence of external tempera- 
tures and ultraviolet light, it is obvious that the policemen were 
more exposed. Irrespective of the weather, they spent many 
hours outdoors every day on watch-duty or otherwise in out- 
door work, and they also often spent their leisure in the open 
air, whilst with a few exceptions the convicts worked indoors 
in both summer and winter. As a rule, they spent little time 
in the open air. 

It might be suggested that the drop in serum lipids observed 
in the group of convicts in the spring was caused by the increase 
in ultraviolet radiation and the rise in temperature occurring in 
this season. It should be recalled that the lowest lipid values 
were noted in the summer, the highest in the winter. If changes 
in ultraviolet radiation and/or external temperature were the 
only source of seasonal variations, this relationship would prob- 
ably have been reflected in the values obtained in the group of 
policemen. Since this was not the case, it is obvious that changes 
in ultraviolet radiation and external temperatures cannot be the 
only factors responsible for the seasonal variation in the lipid 
values observed in the group of convicts, although the possibi- 
lity of a relationship cannot be excluded. 

It is a well-known fact that the incidence of infectious dis- 
eases rises in spring and autumn (e.g. de Rudder 1952). Accord- 
ing to various writers, infectious diseases may cause a decrease 
in serum lipids, whilst revocery is associated with a return to 
the previous level, or the previous level is exceeded (e.g. Luden 
1917, Denis 1917, Stepp 1918, Kipp 1920, Lavergne and Kissel 
1934, Stoesser and McQuarrie 1935, Stoesser 1938, Steiner and 
Turner 1940, Nishishita 1941, Hodges et al. 1943, Thomas and 
Eisenberg 1959). This finding was confirmed in the present 
study. Twenty-seven policemen and 13 convicts developed mild 
infections of short duration, on account of which they did not 
have to stay away from work, however. In 10 policemen and 5 
convicts the erythrocyte sedimentation rate exceeded 10 mm/hr, 
which was regarded as the upper limit of the normal. The 
cholesterol !evel was found to drop in connection with infection 
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and to rise after recovery. Furthermore, the cholesterol level 
feli when the erythrocyte sedimentation rate rose and rose 
when the latter returned to normal. The distribution of the 
cases of infection over the year of study exhibited no seasonal 
differences. Hence, the occurrence of infections does not seem 
to bear any relationship to the seasonal variation observed in 
the serum lipid values in the group of convicts. 

In studies dealing with serum lipids the greatest degree of 
attention seems to have been paid to the role of dietary factors. 
It has been shown that the amount and kind of dietary fat 
essentially influence the serum lipid level. In studies per- 
formed in various countries a correlation has been observed 
between the consumption of fat and serum lipids, cholesterol in 
particular (e.g. Bronte-Stewart et al. 1955, Keys et al. 1955 a, 
Keys et al. 1958, Padmavati et al. 1959). As a rule, higher socio- 
economic level implies a larger consumption of fat and higher 
serum lipid levels (e.g. Bronte-Stewart et al. 1955, Schrimshaw 
et al. 1957, Toor et al. 1957, 1960, Yudkin 1957, Ruskin et al. 
1958, Mathur et al. 1959, Padmavati et al. 1959). Small changes 
in dietary protein do not cause changes in the serum lipid level 
(e.g. Bronte-Stewart et al. 1956, Keys and Anderson 1957, 
Albanese et al. 1959). By contrast, low protein feeding brings 
about a decrease in cholesterol and phospholipids, (e.g. Furman 
et al. 1958, Olson et al. 1958). In the present study, the amount 
of protein in the diet of both the policemen and the convicts 
must be regarded as adequate. 

The diet of the policemen was not subjected to detailed exa- 
mination, but from answers to questions it was concluded that 
it consisted of ordinary Finnish food. According to a study by 
Roine et al. (1958), the amount of fat in the ordinary Finnish diet 
constitutes about 35 per cent of the total calorie value. The diet 
of the Finnish army contains fat to about 30 per cent of the 
total calorie value (Konttinen 1959). In the prison diet the 
proportion of fat was only about 20—22.5 per cent of the total 
calorie value. When the foodstuffs bought by the convicts are 
added, it may be concluded that the proportion of fat in their 
diet constituted 25 per cent, at the most. 

Roine et al. (1958) noticed no differences in the diet in 
summer and winter in regard to the amount of fat, nor in regard 
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to the amount of fatty acids. They studied people living on tne 
countryside. It is possible that in other groups of subjects 
seasonal dietary changes would be detected. In a series of con- 
victs Thomas et al. (1961) found that there was a difference in 
the intake of fat between summer and winter, the consumption 
being smaller in summer. They stated, however, that »it is 
difficult to determine whether a change in dietary fat was 
responsible for any part of the seasonal effect, but it seems 
unlikely that such a change, if present, was very large». During 
the period of the present study no seasonal changes in the diet 
of the convicts could be established. In regard to the diet of 
the policemen it seems possible that the consumption of vege- 
tables was larger in the summer, but on questioning the men no 
evidence of dietary changes could be elicited. 

When dietary animal fat is replaced by vegetable fat, serum 
cholesterol has been found to go down (e.g. Groen et al. 1952, 
Kinsell et al. 1953, 1954, Ahrens et al. 1954, Anderson et al. 1957, 
Turpeinen et al. 1960). A similar observation has often been 
made when unsaturated vegetable fats have been added to the 
diet (e.g. Linko 1957, Beveridge et al. 1956, 1958, Ahrens et al. 
1957, 1959, Malmros and Wigand 1957), but Nikkila and Jokipii 
(1959), Perkins et al. (1958) and others failed to detect any 
drop in lipid level after the addition of maize oil and sunflower 
seed oil to the diet. Vegetable oils also contain phytosterol, 
f-sitosterol, among other things. The addition of this substance 
to the diet has been found to cause a decrease in serum chole- 
sterol (e.g. Pollak 1953, Farquhar et al. 1956, 1958, Beveridge 
et al. 1958), inconsistent changes (Kalliomaki et al. 1957) or no 
changes at all (e.g. Wilkinson et al. 1955). 

If in the group of policemen the consumption of vegetables 
was larger in the summer than in the winter, an accentuation of 
a possible seasonal variation might have been anticipated. But 
seasonal changes in the serum lipid values were observed only 
in the group of convicts, in which there were no dietary differ- 
ences between summer and winter. 

Since during the period of the study no appreciable seasonal 
dietary changes occurred, it seems unlikely that the seasonal 
variation in serum lipids detected was due to dietary factors. 

During a long-term study changes in weight of the subjects 


51 


maj occur. Many investigators have failed to detect any cor- 
reiation between changes in weight and changes in serum lipid 
level (e.g. Pointdexter and Bruger 1935, Man and Gildea 1936, 
1937, Astrup 1948, Pomeranze et al. 1952, 1953, Thomas and 
Murphy 1958, Konttinen 1959). Others (e.g. Anderson et al. 
1952, Walker 1953, Milch et al. 1958) have noted a rise in serum 
lipids, cholesterol in particular, in association with weight in- 
crease. During periods of weight loss the lipid level has been 
found to drop (e.g. Keys et al. 1950 a, Walker and Wier 1951, 
Walker et al. 1953, Nichols et al. 1957) or to rise (e.g. Moore et al. 
1954, 1955). It has been shown that changes in lipid values are 
significantly related not only to increase or loss of weight, but 
also to changes in the composition of the diet (e.g. Kartin et al. 
1944, Anderson et al. 1956, Walker et al. 1957) and to physical 
activity during the period when weight changes occurred (e.g. 
Mann et al. 1955 b, Taylor et al. 1957 a, b, Schlessinger 1958). 

In polar regions seasonal changes in body weight and skin- 
fold have been observed, inasmuch as weight and skinfold have 
been found to increase in winter, but according to Edholm 
(1960) no relevant studies have been made in other climatic 
conditions. 

In the present study no appreciable seasonal variation in 
body weight was observed. At the latitude of Helsinki, people 
are in general not exposed to such extreme climatic factors as 
in polar regions, and therefore it seems unlikely that the pheno- 
menon in question, which is to be regarded as biological (Ed- 
holm 1960), vould be observable here. 

It seems obvious, then, that changes in weight do not signifi- 
cantly influence the serum lipids and that the seasonal variation 
in the lipid values observed in the present group of convicts can- 
not be attributed to this cause. A similar conclusion was drawn 
by Thomas et al. (1961), discussing the possible causes of the 
seasonal variation in serum cholesterol detected in a series of 
convicts. 


The effect of physical activity on serum lipids has been studied 
in both short-term and long-term investigations by comparison 
of the serum lipid levels in relation to physical activity in 
certain groups of subjects. 
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During short periods of physical strain no marked changes in 
serum cholesterol have been observed (e.g. Beischer 1956, Kar- 
vonen et al. 1958), or slight changes in the cholesterol and phos- 
pholipid levels, the magnitude of which has been dependent on 
the degree of the strain (e.g. Fahring and Wacker 1932, Iakov- 
lev 1952, Iakovlev et al. 1952, Mnukhina 1955). During longer 
periods of physical activity Konttinen (1959) and Montoye et al. 
(1959) detected no correlation between the changes in serum 
lipids and the degree of physical activity. In studies on different 
groups of subjects it has often been reported that serum lipid 
levels were lower in the physically active groups than in those 
performing sedentary work (e.g. Chailley-Bert et al. 1955, Keys 
et al. 1956, Mann et al. 1955 a, b, Toor et al. 1957, 1960, Brunner 
and Lobl 1957, Karvonen et al. 1958, Wiktor et al. 1960). 

The policemen studied did not perform heavy physical work. 
In their leisure they practiced sports and outdoor exercises. 
Three men excepted, who performed heavy manual work, the 
convicts did not perform heavy physical work, either. In this 
group sports were practiced to a very limited degree. It cannot 
be definitely stated that there were no seasonal changes in the 
degree of physical activity, but if such changes occurred, they 
were too inconsiderable to permit any conclusions to be drawn. 
It is obvious that they cannot have been responsible for the 
seasonal variation in serum lipids observed in the group of 
convicts. 

An interesting observation made in studies on the variability 
of serum lipids is that psychic factors may bring about changes 
in the serum lipid level. Situations causing emotional tension, 
either transient or protracted, are of common occurrence. In 
many relevant studies a rise in serum lipids, of which chole- 
sterol has been most often determined, has been observed. In- 
creased cholesterol levels have been ascribed to a variety of 
factors, e.g. difficulties in job, complications in the superior-sub- 
ordinate relationship, unhappy love, economic difficulties, wor- 
ries at home, political life, official duties and entering a new job 
(e.g. Groover 1957, Hammarsten et al. 1957, Rosenman and Fried- 
man 1957, Friedman et al. 1958, Groover et al. 1960). Further- 
more, a rise in serum cholesterol has been observed in connec- 
tion with examinations and tests (e.g. Thomas and Murphy 1958, 
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Wertlake et al. 1958, Dreyfuss and Czaczkes 1959, Grundy and 
Griffin 1959). Peterson et al. (1960) performed an interesting 
study on ten hospital patients, five with highly variable chole- 
sterol levels and five with very stable cholesterol levels. Psychic 
factors were found to cause a marked rise in cholesterol in a 
few hours. »The data suggest that certain situations appearing 
potentially to be stressful may induce rather striking changes 
in serum cholesterol within a few hours in selected individuals.» 
Immediately following an infection, physical exercise or emo- 
tional tension Groen et al. (1952) found that the serum chole- 
sterol level had a tendency to fall. When »the stress period» 
was over, the cholesterol level rose. 

It is impossible to evaluate psychic factors, since there is no 
objective method for their measurement. In the work of a 
policeman, situations causing psychic tension are sure to occur. 
Of the convicts some had outbursts of violence, bad temper or 
resistance to the jailer, which are to be regarded as displays of 
tension. These phenomena were evenly distributed over the 
year, however, and in the present study no evidence of the 
»Christmas stress» mentioned by Thomas et al. (1961) emerged. 

As appeared in the description of the plan of study, in the 
group of convicts blood was invariably drawn in the morning 
under the same conditions. In the group of policemen blood 
was also drawn fasting in the morning, but some of the men had 
then already been on duty and others had come from their 
homes to their working places. It is difficult to evaluate the 
significance of this circumstance, but it may have contributed 
to the occurrence of random changes. 

Summarizing, it may be stated that the seasonal variation in 
serum lipids observed in the group of convicts could not be 
attributed to any particular cause. It appears, therefore, that 
it is a biological phenomenon, the sum of many factors, which is 
not strong enough to be clearly noticeable except under condi- 
tions where life is extremely regular, as it is in prison, and 
where external influences are slight. Under normal conditions, 
such as were present in the group of policemen, the factors 
influencing the lipid level are so many and so variable that the 
seasonal trend cannot manifest itself. 
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SUMMARY 


The purpose was to study the variations in serum lipid levels 
observable in healthy men during one year with special atten- 
tion to the question of whether seasonal fluctuations occur. 


The subjects were 45 policemen and 35 convicts. On these, 
monthly determinations were made of serum total phospho- 
lipids, total cholesterol, the cholesterol content of the a- and ;- 
lipoprotein fractions separated by paper electrophoresis and the 
ratio of a-lipoprotein cholesterol in per cent of total cholesterol. 
Body weight was determined once a month. Height, the sum of 
upper arm and subscapular skinfold thickness and the biacro- 
mial and bicristal diameters were measured. In addition, relative 
body weight was determined. 


In the group of policemen the following median values were 
obtained: height 180 cm, weight 78 kg, relative body weight 
1.06, upper arm and subscapular skinfold sum 24 mn, biacro- 
mial diameter 39.5 cm and bicristal diameter 29.8 cm. In the 
group of convicts the corresponding values were as follows: 
height 173 cm, weight 67 kg, relative body weight 0.98, upper 
arm and subscapular skinfold sum 17 mn, biacromial diameter 
37.9 cm and bicristal diameter 28.9 cm. The median age of the 
two groups was the same, about 33 years. 


The mean values for total phospholipids and total cholesterol 
in the group of policemen, i.e. 240.2 mg. per 100 ml. and 224.1 mg. 
per 100 ml., were almost significantly and significantly higher 
than the corresponding values for the convicts, i.e. 226.1 mg. per 
100 ml. and 211.8 mg. per 100 ml., but no significant differences 
were found between the mean values for a-cholesterol (49.9 mg. 
per 100 ml. for the policemen, 48.1 mg. per 100 ml. for the con- 
victs), # cholesterol (174.9 mg. per 100 ml. for the policemen, 
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163.3 mg. per 100 ml. for the convicts) and the ratio of a-chole- 
sterol in per cent of total cholesterol (23.3 per cent for the 
policemen, 23.6 per cent for the convicts). 

Both groups included subjects with fairly stable lipid levels 
and others showing considerable variability. In the group of 
policemen the intra-individual standard deviation during the 
year of study was 17.8 mg. per 100 ml. for the total phospholipid 
values, 18.0 mg. per 100 ml. for the total cholesterol values, 5.2 
mg. per 100 ml. for the a-cholesterol values, 18.6 mg. per 100 ml. 
for the f-cholesterol values and 2.5 per cent for the ratio of 
a-cholesterol to total cholesterol. In the group of convicts the 
intra-individual standard deviation was 19.3 mg. per 100 ml. for 
the total phospholipid values, 21.0 mg. per 100 ml. for the total 
cholesterol values (which is somewhat higher than in the group 
of policemen), 5.4 mg. per 100 ml. for the a-cholesterol values, 
21.1 mg. per 100 ml. for the /-cholesterol values and 2.8 per cent 
for the ratio of a-cholesterol to total cholesterol. 

The difference between two successive monthly total chole- 
sterol determinations was over 50 mg. per 100 ml. at least once 
during the year of study in 35 per cent of the policemen and 
44 per cent of the convicts. This difference never exceeded 
30 mg. per 100 ml. in about 24 per cent of the policemen and in 
only 2 per cent of the convicts. The greatest difference between 
two successive individual cholesterol values was 86 mg. per 
100 ml. in the group of policemen and 88 mg. per 100 ml. in 
the group of convicts. 

In the lipid levels of the policemen no seasonal changes were 
observed. By contrast, in the group of convicts a seasonal trend 
was demonstrable in the values for total cholesterol, /-chole- 
sterol and the ratio of a-cholesterol in per cent of total chole- 
sterol, one cycle per year being discernible. In total cholesterol 
there was a minimum in May (187 mg. per 100 ml.) and a 
maximum in January (232 mg. per 100 ml.), in /-cholesterol 
there was a minimum in April (139 mg. per 100 ml.) and a 
maximum in January (176 mg. per 100 ml.), and the ratio of 
a-cholesterol in per cent of total cholesterol was lowest in 
December (21.2 per cent) and highest in April and June (25.2 
per cent). 
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No correlation was observable between serum cholesterol 
and body weight or between serum cholesterol and relaiive 
body weight. In the group of policemen those showing the 
largest skinfold thickness had the highest cholesterol levels. 

No significant seasonal changes in body weight were ob- 
served. 

In connection with infections the values for total cholesterol 
dropped. 

Various factors are discussed which might have influenced 
the changes in serum lipid concentration, but no explanation is 
found to the seasonal trend observable in the lipid values in 
the group of convicts. It appears, therefore, that it is a biclogical 
phenomenon, the sum of many factors, which is not strong 
enough to be clearly noticeable except under conditions where 
life is extremely regular, as it is in prison, and where external 
influences are slight. Under normal conditions, such as were 
present in the group of policemen, the factors influencing the 
lipid level are so many and so variable that the seasonal trend 
cannot manifest itself. 
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TABLE 10 
Individuai Monthly Values of Serum Total Cholesterol (mg%) of Policemen ang | 
Convicts 


Policemen 


| 
Subject Feb. March Apr. May June July Aug. Sept. Oct. Nov. Dec. Jan, Subj 
1958 1959 
2 245 244 235 218 216 — 221 231 226 239 203 19% i 20 
3 204 264 221 229 238 =j— 251 279 250 237 207 24 «Ot 20 
4 122 167 164 135 = 145 — 171 156 173 164 150 = 158 20 
5 317 319 236 304 288 — 259 317 318 320 328 323 20 
6 311 336 336 312 313 260 279 286 273 303 294 359 20 
7 Zin 236 224 262 224 — 219 193 231 208 216 21) 20 
8 181 197 189 185 188 173 — 197 185 195 200 185 20 
9 131 158 — 145 — 154 129 151 156 170 141 = 169 21 
10 202 186 210 217 — 181 195 199 195 182 213 219 21 
11 192 182 176 160 167 170 168 161 172 183 171 ~=« 147 21 
12 pee 261 250 275 255 267 2894 277 278 | 
16 199 205 168 192 175 — 167 165 182 210 210 = 189 21 
19 199 203 199 217 209 192 — 238 260 205 — 209 21) 
20 216 167 +4155 214 184 4177 «#4179 182 — 198 206 211 21! 
21 215 isi 185 171 — 190 183 202 199 183 18 221 
26 238 «6207 214 — B12 222 204 216. 227 211 22 
27 270 217 220 254 226 — 255 256 258 261 264 236 22. 
28 210 205 186 175 i86 — 4191 209 182 1938 167 178 22. 
29 201 192 176 — — 190 177 204 199 188 167 199 22! 
30 261 236 236 244 222 257 — — 265 265 242 25) 22’ 
32 195 210 232 224 208 221 — 234 202 215 247 2309 | 22% 
33 341 324 286 277 258 277 — 326 328 310 314 285 | 22: 
35 212 217 181 #200 183 182 = 182 — 208 215 193 199 / ~~ 23¢ 
38 252 230 233 254 279 — 276 288 267 291 248 253 ool 
39 256 220 220 215 — 195 214 208 210 — 198 210 23% 
40 248 248 231 249 221 208 — 248 — 221 218 2929 23: 
42 249 261 200 247 218 226 222 — 228 239 230 224 | ~~ 234 
43 178 173 #132 — 169 151 169 154 180 176 175 181 
44 280 254 262 225 206 222 238 j— 240 228 230 243 236€ 
46 307 329 256 295 270 270 234 266 — 362 295 331 238 
47 277 294 264 280 — 276 276 295 298 264 270 244 238 
48 224 292 230 270 234 237 += 287 — 266 249 254 237 240 
50 177 202 187 = 172 — 192 185 201 222 221 188 199 242 
51 174 189 180 176 179 — 171 #189 — — 176 19 244 
52 320 271 276 326 278 265 351 354 356 296 330 286 245 
53 196 209 154 177 181 — 152 169 195 187 — 170 
55 182 200 182 183 187 190 205 193 — 193 — 19 
56 203 #195 173 187 173 — 213 — 183 199 187 191 
58 246 225 243 215 210 — 225 220 235 238 220 234 
59 269 264 227 254 242 233 240 233 «217 «+199 220 231 
60 255 257 259 236 231 265 209 257 278 268 238 ~= 267 
61 317 339 299 297 235 303 280 279 318 289 305 271 
62 327 325 254 294 294 299 249 — 276 287 303 = 310 
63 210 236 225 221 214 (201 210 207 «+193 186 208 204 
70 145 161 129 148 144 — 156 148 159 153 142 137 


t 


Subject 


201 
203 
205 
206 
207 
208 
209 
210 
213 
215 
216 
217 
218 
219 
220 
221 
223 
224 
225 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
238 
239 
240 
242 
244 
245 


1958 


210 
286 
202 
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165 
286 
171 
200 
246 
162 
163 
156 
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199 
231 
190 
214 
204 
173 
254 
198 
190 
267 
211 
207 
199 
168 
174 
256 
222 
182 
198 
197 
193 


208 
274 
208 
224 
185 
245 
190 
191 
275 
216 
163 
189 
308 
264 
221 
217 
213 
222 
231 
160 
276 
188 
167 
278 
218 
244 
244 
161 
191 
208 
244 
158 
191 
218 
193 


169 
242 
208 
215 
159 
256 
158 
177 
256 
145 
159 
141 
240 
246 
184 
194 
179 
181 
216 
140 
188 
179 
170 
240 
187 
226 
246 
138 
204 
258 
215 
170 
175 
206 
184 


187 
227 
177 
255 
140 
257 
180 
158 
261 
150 
169 
266 
254 
183 
223 
186 
171 
224 
146 
191 
194 
230 
162 
221 
213 
154 
200 
227 
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165 
171 
186 
171 
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266 
174 
216 
160 
290 
166 
170 
311 
166 
136 
161 
296 
266 
207 
202 
165 
200 
232 
151 
215 
155 
160 
229 
187 
205 
220 
149 
183 
211 
262 
173 
175 
183 
200 


Convicts 


Feb. March Apr. May June 


July Aug. 
234 216 
255 230 
209 227 
218 234 
177 165 
322 
177 188 
171 192 
270 292 
137 
190 
149 159 
299 286 
284 256 
208 225 
233.205 
194 180 
173-187 
211 183 
113-166 
238 280 
212; 193 
167 — 
— 252 
183 166 
221 215 
205 222 
179 180 
271 254 
251 240 
121 181 
160 167 
221 216 
184 216 


Sept. 


247 
239 
204 
216 
187 
286 
160 
189 
348 
138 
197 
177 
281 
258 
226 
231 
191 
221 
204 
149 
281 
211 
162 
259 
162 
226 
233 
181 
161 
294 
263 
189 
177 
230 
201 
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. Jan. 


1959 
232 
262 
209 
259 
170 
317 
214 
187 
318 
198 
168 
318 
225 
251 
221 
242 
261 
210 
260 
279 
219 
275 
220 
238 
240 
183 
221 
289 
301 
212 
210 
265 
244 


| = 

i | 
qd | 

241 219 213 

i 256 247 232 

206 201 199 

242 282 274 
178 155 154 

297 284 275 | 

202 167 180 

203 174 156 

287 294 276 

149 136 144 
193 135 158 
167 163 158 
294 301 274 

250 256 245 
224 196 212 
206 234 254 
199 195 187 
188 189 197 ae 
207 216 229 
204 176 220 

192 209 231 

164 180 191 

— 

198 187 213 

228 256 208 

228 211 252 
193 195 215 
232 221 
| 267 246 242 
| 
207 207 216 
184 179 190 
| 244 256 220 
218 207 205 | 


Age, Number of Determinations, Individual Mean Values and Standard Deviation 
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TABLE 11 


of the Mean for Serum Lipids of Policemen and Convicts 


Policemen 


Subject Age No.of Total Total a-Chole- /-Chole- Chole. kybject 
Deter- Phospholipid Cholesterol sterol sterol stero]. a 
minations mg % mg % mg % mg % ber Cen 
2 39 211.5 413.58 225.14 15.66 41.5+ 3.36 183.5+15.49 18441) og 
3 34 11 248.7+11.82 238.3 + 22.73 5.31 196.3 + 20.73 176+] 203 
4 “AS a1 1905 155015184 7:78 116142412 339 +5, 205 
5 28 11 2846 +19.94 303.14 30.10 415+ 4.92 260642735 1374191 
6 35 12 313.1+ 35.81 3044+ 27.47 582+ 6.10 246.1+29.43 193 +3 207 
7 29 11 +2556 3:73 164.7 216.77 957 +19 08 
8 28 11 207.0+ 7.44 1886+ 8.08 50.7+ 265 1378+ 7.84 269 +15 209 
9 26 10 1773+ 7.26 149.5+13.01 448+ 6.00 1146+ 27.55 296+9% 910 
10 29 11 226.6+15.86 199.141259 664+ 838 1326+412.01 334+4) 213 
11 35 12 195.9+12.91 1708+1189 459+ 484 1248+12.02 269 +309 215 
12 33 12 276.7+17.71 267.34 20.16 421+ 3.65 225.1+18.69 15.7+1 216 
16 31 11 213.8+ 10.54 186621736 514+ 8.03 135.2+15.43 28.0+3, 17 
19 38 10 231941195 211542185 50.9+ 6.07 161.7+19.16 241425) 
20 29 11 216.3+19.99 189.9+ 2039 494+ 3.44 140.4+21.31 263+4i) 99 
21 26 11 201.5 413.58 191.6+ 2149 465+ 5.77 145.0+17.26 243+14 920 
26 33 11 225.9+ 15.96 221.571424 478+ 4.99 173.6+13.22 22.0+269 991 
27 33 11 261.9+17.08 247.0+18.76 386+ 137 2083+419.24 15.7+15 993 
28 33 11 2043+ 9.66 188.9+13.31 4.28 1476+12.78 218+24 224 
29 10 228.0+15.43 188441199 509+ 688 137.3+12.86 27.0+385' 225 
30 42 10 261.8 + 24.56 247.941435 601+ 3.46 187.7+ 13.87 997 
32 41 11 261.5 + 20.32 2198+15.50 538+ 6.05 1659+11.46 244+17) 228 
33 38 «11 «297.0 + 29.02 302.4+ 2682 449+ 4.17 257442658 149412, 999 
35 26 11 209.4+ 11.28 1979+14.06 605+ 5.80 1373+15.75 30.7+40) 939 
38 37 11 252.8 + 15.51 261.04 20.79 442+ 6.28 216.7+19.49 169+255) 931 
39 281.5 +14.90 214641673 4.20 169.0+15.23 212+19) 939 
40 37 10 259.3 + 16.98 231.4715.52 468 177.34 14.28 234+ 183) 233 
42 40 11 238.6 + 22.26 231.3+1682 43.7+ 3.45 187.5 + 16.04 1897167) 994 
43 30 11 198.5 +15.78 167.1+15.25 45.1+ 5.50 131.0 + 23.03 28.1419) 935 
44 26 11 246.2 + 25.12 238.9+ 2056 463+ 4.10 192.5 + 21.87 19.5+28)] 996 
46 30 11 305.3 + 35.16 292.3+37.86 425+ 6.26 249.6 + 23.20 148425] 98 
47 36 11 259.0+14.18 276.2+15.92 422+ 489 2375+ 10.38 153+16] 939 
48 33 11 264.3 + 20.20 252.7+ 23.22 649+10.42 187.7+ 21.65 25.7+34) 949 
50 26 11 230.0+ 16.46 195.1+16.07 525+ 458 1425+ 14.62 26.9+231) 949 
51 33 9 230.6+ 989 1804+ 7.16 520+ 3.13 1284+ 9.42 288+255) 944 
52 35 12 319.0 + 39.17 309.1+3435 653 267.1+ 36.86 945 
53 29 10 220.1+ 27.65 179.0+18.41 56.1+10.78 111.6+39.49 312+4% 
55 45 10 2220+ 8.51 1913+ 8.00 599+ 3.09 1313+ 545 313+02 
56 25 10 201.8+16.28 190.4+1268 438+ 287 1465+11.58 23.0+146) 
58 43 11 233.2+1439 2283+11.71 665+ 619 1616+ 10.44 
59 28 12 264.8 + 25.01 235.8+19.90 5.65 172.2+17.06 27.2+24 
60 35 12 253.9+ 14.84 251.7+19.48 516+ 415 199.9+18.99 20.6+20 
61 45 12 303.3 + 21.75 2943+ 2666 383+ 5.40 247.6+33.99 131+2Il 
62 33 11 278.3 + 20.48 2925+25.27 458+ 4.50 246.6 + 23.84 1561417 
63 41 12 223.6+17.28 209.6+13.59 57.5 + 5.56 165.1 + 28.81 25.2736 
70 33 11 186.3+10.13 147.0+ 9.67 48.9+ 407 981+10.79 334+38 


lation 


Age No. of 


201 
203 
205 
206 
207 
208 
209 
210 
213 
215 
216 
217 
218 
219 
220 
221 
223 
224 
225 
227 


228 


229 


231 


| 232 
| 233 


234 


B5 


236 
238 
239 
240 
242 
244 
245 
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Convicts 
Total Total a-Chole- /-Chole- a-Chole- 
Deter- Phospholipid Cholesterol sterol sterol sterol 

minations mg % mg % mg % mg % per Cent 
23 12 231.2+17.42 216.4+22.07 296+ 2.99 186.7+2144 13.8+1.82 
42 265.5 + 23.93 2518+18.01 43.0+ 5.25 2086+17.02 17.1+ 2.00 
46 12 221.2+ 21.19 202.0+14.25 59.9+ 5.22 1421141243 29.7+2.60 
28 12 250.5 + 30.84 238.84 23.25 545+ 7.24 184.1+18.73 228+2.16 
27 12 202.2+13.55 166.2+13.26 491 121.0+12.29 273+2.73 
49 12 270.2+ 14.85 283.0 + 23.08 51.7+ 852 231.1+27.05 179+2.89 
23 12 207.8+17.70 1794+1689 523+ 430 1270+14.76 29.2+2.51 
33 12 203.3 + 20.24 180.74+15.39 498+ 436 1391+34.74 276+2.17 
36 12 266.5 + 27.49 286.2 + 28.91 460+ 433 240.0+27.24 16.1+1.66 
32 10 202.9 + 27.81 1529+ 2458 604+ 649 924+2103 399+4.10 
31 12 183.6+15.28 1673+2240 341+ 5.03 133.1+18.75 20.4+ 1.93 
25 12 185.3+11.77 452+ 419 1171+ 986 279+2.43 
47 12 281.4+12.00 289.3 + 2234 560+ 5.28 233.2+1959 194+1.56 
44 11 2599+ 930 2605+13.95 434+ 484 2198+1645 16.7+1.96 
25 12 213.6 + 22.48 2100+1453 428+ 3.92 1672+14.06 204+ 2.05 
40 12 250.2 + 14.22 223.4+2137 540+ 666 165.1+15.71 242+2.79 
29 12 222.6 + 22.00 191.7+14.93 569+ 580 134.7+11.64 296+2.13 
30 12 227.9+ 27.83 198.8+2183 465+ 602 1519+21.85 23.7+3.62 
33 12 220.8+13.32 2182+1946 436+ 299 1744+1856 201+1.94 
39 12 212.4+ 30.37 1673431.42 475+ 634 119.7+ 29.64 301+5.07 
33 10 250.0+ 31.36 239.3+ 36.21 55.7+ 8.71 183.5+33.85 23.6+4.39 
31 11 219.5+ 21.49 2043+31.74 39.2+13.60 161.4+28.99 211+3.04 
22 11 198.6+17.15 1785+18.26 458+ 3.07 132.7+17.66 258+ 2.56 
37 10 252.3 + 22.70 2483+ 21.03 560+ 9.71 1822+31.20 22.7+3.66 
32 12 205.2 + 20.46 191.2+ 21.15 546+ 616 1381+1935 28.8+2.21 
27 12 231.3+18.32 2246+15.51 461+ 462 1784+1461 206+2.13 
46 12 239.0+1485 2261+17.23 486+ 3.83 1774+1469 215+1.21 
28 12 197.3 +1937 170.1+23.21 413+ 432 128.7+25.65 248+ 4.79 
33 12 203.3 + 16.03 1968+ 22.29 498+ 5.98 1469+1968 253+3.05 
31 12 22891553 251922722 s82t 459 2136+ 2607 15.4 216 
32 10 257.3 + 20.00 251.4+2486 43.2+ 4.07 1991+37.51 173+2.72 
42 12 211.2+19.54 181.8+ 27.25 470+ 481 134742724 264+ 4.88 
37 12 191.6+11.81 181.4+13.97 473+ 4.11 1340+13.15 2.50 
26 12 238.1 + 21.92 220.2+25.70 56.7+ 3.98 163.4+27.16 263+ 4.02 
31 12 210.7+10.21 201341912 49.2+ 431 1520+18.94 246+2.95 


Stero] 
er Cen 
At 
6 + 1.9 
2 +56 
7415 
3 1 
7 +19 
9+15 | 
6 +299 
9 +343 
7+14 
0+30 
1 +245 
3 + 
3 +19 | 
+ 269 
+155 ‘ 
+ 2478 
) +385 
3 +184] 
+171 
+404 
+255) 
| 
+ 2.804 
+ 2.95 
+161 
| 
234 
+ 255 
+3.00 
+454 
+08 
+146) 
+209 
+24} 
+207 
+2ll 
+12 
+3.3 | 
+363 | 


TABLE 12 


Height, Weight, Relative Body Weight, Arm and Subscapular Skinfold 
Sum, Biacromial Diameter and Bicristal Diameter of Policemen and 


Convicts: Quartiles and Semi-interquartile Range 


Height (cm) 
Policemen 
Convicts 


Weight (kg) 
Policemen 
Convicts 


Relative Body Weight 
Policemen 
Convicts 


Skinfold Sum (mm) 
Policemen 
Convicts 


Biacromial Diameter (cm) 


Policemen 
Convicts 


Bicristal Diameter (cm) 
Policemen 
Convicts 


0.8 
0.9 


Ql 


175 
169 


74 
64 


0.97 
0.93 


18 
13 


38.4 
36.7 


28.9 
27.8 


Q2 


(Median) 


180 
173 


78 
67 


1.06 
0.98 


24 


39.5 
37.9 


29.8 
28.9 


Q3 


189 
178 


83 
71 


1.13 
1.05 


29 
21 


41.9 
39.8 


39.6 
29.6 


— 
4 i i i 
0.06 
j 
4 
1.6 
| 
i 
| 


ld 


13 
05 


ve 


TABLE 13 


77 


Cumulative Per Cent Distribution of Height, Weight, Relative Body 
Weight. Arm and Subscapular Skinfold Sum, Biacromial and Bicristal 
Diameter of Policemen and Convicts 


Height (cm) 160 
Policemen = 
Convicts 3 

Weight (kg) ZGD 
Policemen 4 
Convicts 31 

Relative Body 

Weight Zz 90 
Policemen 4 
Convicts 

Skinfold Sum 

(mm) 215 
Policemen 9 
Convicts 38 

Biacromial Dia- 

meter (cm) < 34 
Policemen 2 
Convicts 3 

Bicristal Dia- 

meter (cm) Za 
Policemen 4 


Convicts 3 


< 165 


20.95 


< 170 


1.06 


27 
60 


< 30 


56 
91 


180 


47 
86 


Z 30.5 


or over 


100 
100 


2185 2186 
or over 
84 100 
97 100 
2.85.5 
or over 
100 
100 
2115 2116 
or over 
80 100 
100 100 
2421 
or over 
100 
100 
or over 
98 100 
97 100 


= 

3 31 | i 

27 27 £80 285 

1 31 62 82 

71 86 97 97 a 

i M105 1.10 
| 18 33 44 67 x 
; 31 63 74 91 we 
| 40 20 
ate 
33 53 82 

73 85 94 | 
236 238 £40 242 4 

2 16 60 91 : 

9 53 77 94 

| <8 <9 Mm <31 
11 27 87 


TABLE 14 


Monthly Total Phospholipid Levels of Policemen and Convicts: Quartiles, 
Semi-interquartile Range, Moving Averages and Predicted Seasonal Values 


Ql Q2 Q3 D A Cc 
(Median) 

Policemen 
Feb. 1958 214 237 7483 30 239 236 
March 215 246 281 33 237 237 
April 209 228 258 24 238 238 
May 213 241 278 ae 233 238 
June 201 230 253 26 237 237 
July 208 241 266 29 235 236 
Aug. 213 235 258 22 237 235 
Sept. 208 235 262 27 235 234 
Oct. 209 236 266 28 232 233 
Nov. 207 226 264 28 Za 239 
Dec. 206 232 267 30 230 233 
Jan. 1959 209 234 260 26 234 234 
Convicts 
Feb. 1958 207 222 252 22 233 228 
March 215 239 265 25 224 224 
April 191 211 241 25 Ze 219 
May 194 215 240 23 208 214 
June 185 199 232 24 209 212 
July 192 215 244 26 213 212 
Aug. 199 226 243 22 219 214 
Sept. 199 218 258 30 223 218 
Oct. 204 226 254 20 220 224 
Nov. 204 218 251 24 222 228 
Dec. 207 224 251 22 227 230 


Jan. 1959 216 240 263 24 228 230 


| 

4 


TABLE 15 


Monthly Total Cholesterol Levels of Policemen and Convicts: Quartiles, 
Semi-interquartile Range, Moving Averages and Predicted Seasonal Values 
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Ql Q2 Q3 D A Cc 
(Median) 

Policemen 
Feb. 1958 195 219 265 35 220 217 
March 197 226 265 34 217 216 
April 181 208 246 oe 216 214 
May 186 216 262 38 211 213 
June 183 209 238 28 211 212 
July 180 208 253 36 210 213 
Aug. 185 215 255 35 215 215 
Sept. 185 223 262 38 220 216 
Oct. 190 223 263 36 220 218 
Nov. 189 215 259 35 217 219 
Dec. 186 215 249 32 215 220 
Jan. 1959 188 215 249 30 216 219 

Convicts 

Feb. 1958 177 199 236 30 213 209 
March 187 210 239 26 200 202 
April 168 193 226 29 196 196 
May. 164 187 228 32 191 193 
June 164 193 223 30 194 194 
July 1s 204 239 33 199 197 
Aug. 174 201 239 7 206 204 
Sept. 184 215 247 32 211 211 
Oct. 193 218 242 24 214 217 
Nov. 184 210 241 28 214 220 
Dec. 191 215 240 24 219 219 
Jan. 1959 206 232 266 30 215 216 


es 
Cc 
36 
137 
38 
138 
37 
36 
135 
34 
33 
132 
33 
34 
28 
24 
19 
14 | 
12 
12 
14 
18 
24 
28 = 
30 
30) 

{ 


80 


TABLE 16 


Monthly «-Cholesterol Levels of Policemen and Convicts: Quartiles, Semi- 
interquartile Range, Moving Averages and Predicted Seasonal Values 


Ql Q2 Q3 D A 
(Median) 

Policemen 

Feb. 1958 43 48 54 6 49.0 
March 44 49 54 5 48.0 
April 42 47 51 6 48.3 
May 43 49 56 6 48.3 
June 43 49 54 6 49.0 
July 43 49 50 6 48.6 
Aug. 42 48 56 a 47.6 
Sept. 42 46 53 6 48.0 
Oct. 43 50 55 6 48.3 
Nov. 42 49 54 6 49.6 
Dec. 42 50 54 6 49.6 
Jan. 1959 44 50 583) 6 49.3 
Convicts 

Feb. 1958 44 50 60 8 49.6 
March 43 51 55 6 50.3 
April 44 50 56 6 48.6 
May 42 45 53 6 48.0 
June 46 49 54 4 45.6 
July 40 43 49 4 47.0 
Aug. 45 49 52 4 47.0 
Sept. 43 49 50 4 49.0 
Oct. 45 49 54 4 47.6 
Nov. 40 45 50 o 46.3 
Dec. 39 45 51 6 46.0 
Jan. 1959 44 48 54 5 47.6 


] 

] 

| 


in 


TABLE 17 
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Monthly f-Cholesterol Levels of Policemen and Convicts: Quartiles, Semi- 
interquartile Range and Moving Averages 


Ql Q2 Q3 D A Cc 
(Median) 

Policemen 
Feb. 1958 151 177 220 34 173 171 
March 144 183 217 36 174 170 
April 135 164 194 30 171 169 
May 138 168 206 34 163 167 
June 131 157 186 28 162 165 
July 131 161 207 38 161 164 
Aug. 135 166 203 34 166 164 
Sept. 136 alsa 216 40 168 164 
Oct. 138 168 212 37 167 166 
Nov. 145 167 217 36 165 168 
Dec. 138 165 198 30 163 170 
Jan. 1959 136 161 198 31 166 171 
Convicts 
Feb. 1958 127 158 191 32 164 161 
March 137 158 191 27 152 154 
April 115 139 177 31 147 147 
May 124 144 181 28 142 144 
June 115 143 178 32 147 144 
July 130 155 195 32 150 148 
Aug. 129 151 191 31 157 155 
Sept. 134 165 203 34 161 162 
Oct. 141 168 197 28 166 168 
Nov. 139 165 201 31 168 172 
Dec. 144 171 198 26 170 172 
Jan. 1959 152 176 213 30 168 168 


i 
| 
| 
3 ~ 
i 
‘ 
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TABLE 18 


Monthly «a-Cholesterol in Per Cent of Total Cholesterol of Policemen and 
and Convicts: Quartiles, Semi-interquartile Range, Moving Averages and 
Predicted Seasonal Values 


Ql. Q2 Q3 D A Cc 
(Median) 

Policemen 
Feb. 1958 17.4 21.9 213 5.0 22.6 22.9 
March 17.0 22.3 27.2 sl 22.6 23.2 
April 19.1 23.6 28.9 49 e321. 23.4 
May 19.0 23.6 28.3 4.6 23.8 23.6 
June 19.5 24.4 29.1 4.8 24.0 23.7 
July 18.3 24.2 28.8 5.2 23.9 23.6 
Aug. 18.0 23.2 28.4 52 23.0 23.3 
Sept. 16.9 21.8 27.0 5.0 22.5 23.0 
Oct. 17.0 22.7 27.8 5.4 22.4 228 
Nov. 16.6 22.9 27.6 5.5 22.8 22.6 
Dec. 17.4 23.0 28.3 5.4 232 225 
Jan. 1959 18.3 f 28.6 22.8 22.6 
Convicts 
Feb. 1958 19.8 24.8 29.6 49 230 23.3 
March 18.9 234 28.3 4.7 24.5 24.1 
April 21.6 25.2 30.9 4.6 24.4 248 
May 19.8 24.3 29.0 4.6 24.9 25.1 
June 19.9 25.2 30.2 yr 24.2 249 
July 18.5 23.3 28.3 4.9 24.3 24.2 
Aug. 20.3 24.4 27.8 3.8 23.2 23.3 
Sept. 17.9 22.0 26.2 4.2 22.9 22.5 
Oct. 18.2 22.5 26.9 4.2 21.9 218 
Nov. py fe 21.3 24.7 3.8 21.6 215 
Dec. 21.2 4.0 21.7 


Jan. 1959 17.4 21.6 24.8 3.7 22.5 22.4 


2 
2 
=) 


Monthly Weights of Policemen and Convicts: Quartiles and Semi- 
interquartile Range and Moving Averages 


TABLE 19 


Ql Q2 Q3 D A 
(Median) 

Policemen 
Feb. 1958 (hs) 79.2 83.8 5 78.9 
March 73.6 78.8 82.9 4.6 79.1 
April dad 79.2 83.5 5a 78.9 
May 73.9 78.6 82.9 4.5 78.8 
June 74.3 78.5 83.1 4.4 78.5 
July 73.3 78.3 83.1 49 78.5 
Aug. 73.8 78.6 83.5 48 78.3 
Sept. 73.6 78.1 83.0 4.7 78.3 
Oct. fa3 78.1 83.0 48 78.0 
Nov. 132 77.9 83.4 5.0 78.0 
Dec. 73.3 78.1 83.0 48 78.2 
Jan. 1959 73.9 78.6 83.3 4.7 78.6 
Convicts 
Feb. 1958 64.3 67.6 71.8 3.8 68.1 
March 64.3 68.7 dae 44 68.1 
April 64.3 68.1 72.6 4.2 68.0 
May 64.3 67.2 69.8 28 67.5 
June 63.7 67.3 71.8 4.0 67.0 
July 63.4 66.5 69.4 3.0 66.8 
Aug. 63.4 66.5 69.4 3.0 66.4 
Sept. 63.1 66.2 69.4 32 66.5 
Oct. 63.1 66.7 71.8 4.4 66.8 
Nov. 63.7 67.5 72.0 4.2 67.4 
Dec. 64.3 68.1 tak 3.9 67.6 
Jan. 1959 63.7 68.1 72.6 44 67.6 
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= 

and 

22.9 
23.2 
23.4 
23.6 ‘ 
23.7 
23.6 
23.3 
23.0 
22.8 
22.6 
22.5 
22.6 
23.3 
24.1 j 
24.8 
5.1 | 
24.9 
14.2 
3.3 
21.8 | 
15 
22.4 


TABLE 20 


Cumulative Per Cent Distribution of Total Phospholipid Values of 
Policemen and Convicts 


Total 
Phospholipid 2115 2200 222 4250 <275 <—300 <301 
or Over 
Policemen 
Feb. 1958 — rf 38 62 76 87 100 
March 2 13 33 53 aa. 89 100 
April 4 13 47 69 87 98 100 
May 4 13 36 58 73 89 100 
June 2 24 44 73 89 96 100 
July — 20 36 58 84 93 100 
Aug. 2 11 38 69 87 96 100 
Sept. —_— 18 40 64 87 96 100 
Oct. 2 16 40 62 82 91 100 
Nov. — 16 49 69 80 91 100 
Dec. _— 20 42 69 78 91 100 
Jan. 1959 2 16 40 69 84 93 100 
Convicts 
Feb. 1958 3 14 54 74 89 97 100 
March — 11 34 63 83 97 100 
April 3 37 66 80 97 100 100 
May 6 ai 63 83 97 100 100 
June 9 51 71 86 94 97 100 
July 6 34 60 80 97 100 100 
Aug. —_— 26 49 86 94 100 100 
Sept. — 26 60 69 89 97 100 
Oct. —_— 20 49 71 94 100 100 
Nov. 3 17 63 74 94 97 100 
Dec. 3 14 51 74 91 100 100 
Jan. 1959 — 9 34 60 89 109 100 


| — 
| 
4 
t 
| | 


TABLE 21 
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Cumulative Per Cent Distribution of Total Cholesterol Values of 
Policemen and Convicts 


Total 
Cholesterol <150 £175 £200 4225 +250 4275 
or over 
Policemen 
Feb. 1958 7 9 29 56 67 80 84 100 
March — i 27 49 67 80 87 100 
April 4 20 42 58 78 89 98 100 
May 3 16 36 58 69 82 93 100 
June 7 18 40 67 82 87 98 100 
July 2 20 44 62 73 89 $8 100 
Aug. 2 18 36 60 73 84 96 100 
Sept. Z 16 38 51 69 82 93 100 
Oct. — 9 36 OL 67 82 89 100 
Nov. a 4 38 58 71 82 91 100 
Dec. f 16 36 60 76 82 89 100 
Jan. 1959 4 ata 38 58 76 84 91 100 
Convicts 
Feb. 1958 — 23 St ia 80 89 97 100 
March _ 14 37 69 80 91 97 100 
April aE 31 57 74 91 100 100 100 
May 9 37 63 74 83 100 100 100 
June 6 40 54 77 83 91 97 100 
July 11 26 46 69 80 91 97 100 
Aug. 3 26 49 69 80 89 100 100 
Sept. 6 17 40 57 ae 86 97 100 
Oct. 3 9 31 bY f 83 91 100 100 
Nov. 6 17 40 66 80 89 97 100 
Dec.. 3 14 31 63 83 97 100 100 
Jan. 1959 _ 9 17 46 60 83 89 100 


i 
| 
| 
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TABLE 22 


Cumulative Per Cent Distribution of a-Cholesterol Values of Policemen 


and Convicts 


a-Cholesterol ~30 £435 440 £44 450 2455 <60 <65 


or over 
Policemen 
Feb. 1958 — 4 9 33 62 78 87 100 
March — — 9 sf E 58 78 84 100 
April _— 4 11 42 62 71 82 100 
May 2 2 11 36 56 71 87 100 
June — — 16 29 56 78 84 100 
July _ — 9 36 56 76 82 100 
Aug. — — 13 40 56 13 84, 100 
Sept. —_ 2 18 44 67 80 89, 100 
Oct. — 2 11 36 51 76 89; 100 
Nov. 2 4 13 40 58 80 87 100 
Dec. — 4 20 33 49 78 84 100 
Jan. 1959 — — 11 31 51 76 84 100 
Convicts 
Feb. 1958 — 3 14 29 51 63 74 89 100 
March — 9 14 34 43 74 83 94 100 
April — 2 6 31 49 71 86 97 100 
May 6 9 11 54 71 Cif 97 97 100 
June 3 6 11 20 57 80 89 94 100 
July — 6 23 63 77 86 94 97 100 
Aug. 3 6 9 26 66 86 94 97 100 
Sept. 3 a 9 37 74 100 100 100 100 
Oct. — 6 11 26 57 80 94 100 100 
Nov. 6 11 26 49 77 83 94 97 100 
Dec. 2 6 29 51 71 94 94 97 100 
Jan. 1959 — 2 11 31 60 80 89 100 100 
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TABLE 23 


Cuniulative Per Cent Distribution of f-Cholesterol Values of Policemen 
and Convicts 


87 


p-Cuolesterol ~100 £125 <150 £175 4200 £225 4250 
| or over 
Policemen 
Feb. 1958 2 9 24 49 64 78 87 100 
March — 7 31 44 64 80 84 100 
April 4 16 38 60 80 91 96 100 
May 4 13 36 56 73 82 89 100 
June 4 20 42 71 80 84 96 100 
July — 20 40 62 73 80 98 100 
Aug. 2 18 36 58 73 89 96 100 
Sept. _ 16 36 53 62 82 91 100 
Oct. --- 13 36 56 67 84 89 100 
Nov. — 9 29 60 69 78 84 100 
Dec. 4 3 36 60 76 78 89 100 
Jan. 1959 Z 13 40 62 76 80 91 100 
Convicts 
Feb. 1958 3 23 43 66 80 89 97 100 
March — 9 43 66 80 91 97 100 
April 11 34 63 74 89 100 100 100 
May 9 26 57 71 89 100 100 100 
June 3 40 54 74 83 89 97 100 
July 9 20 46 66 77 86 97 100 
Aug. 3 20 49 66 80 91 100 100 
} Sept. 3 17 40 EY 74 83 94 100 
Oct. 3 14 31 57 Si 91 100 100 
Nov. 3 14 34 60 74 91 100 100 
Dec. 3 if 29 54 VE 91 100 100 
3 9 23 49 66 83 86 100 


Jan. 1959 


er : 
0 
(0) 
0 F 
0 
(0) 
0 
0 
0 
0 
0 
0 
0) 


TALTE 24 


Cumulative Per Cent Distribution of a-Cholesterol in Per Cent of Total 
Cholesterol in Policemen and Convicts 


a-Cholesterol 
Per Cent Z 20 Zz 30 
or over 


Policemen 
Feb. 1958 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 

Nov. 
Dec. 

Jan. 1959 


Convicts 
Feb. 1958 
March 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 1959 


lwo 


6 
3 
1 
6 
9 
3 
9 
1 
4 
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13 38 69 82 93 100 i. 
16 38 64 89 100 100 Re 
7 29 58 80 89 100 
9 29 58 84 98 100 
7 27 53 80 98 100 
9 33 53 82 100 100 se 
13 33 60 82 100 100 : 
16 40 67 87 100 100 ‘ 
16 38 60 87 98 100 ge 
20 36 60 89 98 100 _ 
13 38 58 84 98 100 : 
9 33 56 82 98 100 
26 51 7 97 10 
31 57 94 100 100 ’ 
14 49 71 94 100 
26 54 80 97 100 : 
26 49 74 97 100 i 
i 31 60 83 91 100 
23 54 91 97 100 i 
37 69 94 97 100 0 
37 63 94 97 100 fe 
46 77 94 97 100 
| 43 74 94 97 100 
37 717 97 97 100 | 


